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DEDICATION. 


TO 

THE  MANAGERS  OF  THE 
“ REID  SCHOOL  OF  PRACTICAL  CHEMISTRY  ” 
OF  BARBADOS. 

Gentlemen, 

I do  not  know  to  whom  I can  dedicate  these 
few  lectures  with  so  much  propriety  as  to  you  ; 
for  at  your  solicitation  they  were  prepared,  with 
your  aid  they  were  given,  and  at  your  request 
they  are  now  published. 

In  each  particular  I have  been  gratified.  I 
have  felt,  too,  a distinction  conferred  on  me,  in 
having  been  so  permitted  to  come  forward  in  the 
way  of  usefulness. 

With  the  hope  that  the  zeal  which  you  have 
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already  shown  in  the  aid  given  by  you  towards 
the  founding  of  the  “ Reid  School  of  Practical 
Chemistry  ” will  be  continued  without  abatement, 
and  be  amply  rewarded  by  success,  I beg  to  sub- 
scribe myself. 


Gentlemen, 

With  much  respect  and  esteem, 

Your  obedient,  humble  Servant, 

John  Dayt. 


Lesketh  How,  near  Ambleside, 
January  5.  1849. 


INTRODUCTION. 


Of  late  years,  owing,  no  doubt,  to  a variety  of 
circumstances,  and  especially  since  the  great  mea- 
sure of  slave  emancipation  has  been  effected,  a 
change  has  been  taking  place  in  the  West  Indies, 
in  the  state  of  its  society,  its  feelings  and  wants, 
which  is  now  becoming  conspicuous,  and  can 
hardly  fail  to  be  so  in  its  lasting  effects. 

1st,  I believe  it  may  be  stated  confidently  that 
manners  have  improved,  that  the  tone  of  society 
is  more  moral,  religious,  and  correct,  and  that  the 
dissipation,  before  too  common,  and  the  extrava- 
gant living,  and  a tolerated  licentiousness,  are 
now  little  more  than  matters  of  record. 

2dly,  That  a strong  disposition  has  been  shown, 
and  no  small  exertions  made,  to  improve  agricul- 
ture, as  indicated  by  the  establishment  of  agricul- 
tural societies,  of  which  no  less  than  four  at 
present  exist  in  Barbados,  viz.  three  district  ones, 
and  one  general;  and,  further,  by  the  introduc- 
tion of  implements  in  husbandry  — the  plough 
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(the  first  toast  at  the  dinners  of  the  agricultural 
societies),  the  horse-hoe,  and  other  economical 
substitutes  for  the  hoe,  not  long  ago  the  chief, 
and,  indeed,  almost  the  only  instrument  employed 
in  the  olden  time  of  slavery. 

3dly,  That  a like  disposition  has  been  shown, 
though  more  recently,  and  like  efforts  made, 
though  in  a more  limited  way,  to  improve  the 
making  of  sugar,  (the  only  manufacturing  process 
with  the  associated  one  of  rum,  of  late  years 
attempted  in  the  colonies,)  as  indicated  by  the 
introduction  of  costly  inventions  for  the  purpose, 
such  as  the  vacuum-pan,  and  that  commonly 
called  Gadesden’s  pan,  — the  experiments  that 
so  many  planters  are  making  with  the  same 
intent,  and  the  attention  so  generally  given  to  the 
subject. 

4thly,  That  a want  of  exact  scientific  know- 
ledge has  begun  to  be  felt,  with  a desire  for  its 
introduction  and  diffusion  — a want  founded  on 
the  enlightened  belief  that  no  great  advance  can 
be  made  in  the  state  of  agriculture  in  the  West 
Indies  without  the  aid  of  agricultural  chemistry, 
or  any  considerable  improvement  made  in  the 
manufacture  of  sugar,  without  a knowledge  of  the 
chemical  principles  concerned,  a knowledge  the 
possession  of  which  has  been  found  so  eminently 
useful  at  home  in  the  refining  of  sugar,  and  in 
France  and  Germany  in  the  extraction  of  sugar 
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from  the  beet-root.  Proof  of  this  is  afforded  in 
the  publication  of  the  “ Agricultural  Reporter,” 
commenced  now  nearly  four  years  ago,  and  con- 
tinued with  increasing  zeal  and  ability,  the  motto  of 
which  is  “ Science  with  Practice,”  and  the  pro- 
fessed aim  of  which  is  their  union ; in  the  publica- 
tion of  many  tracts  on  the  culture  of  the  cane  and 
the  making  of  sugar  in  the  several  colonies,  contain- 
ing much  useful  information ; and  further,  and 
more  recently,  in  the  efforts  made,  and  which  may 
be  described  as  in  progress,  to  form  a school  of 
practical  chemistry. 

On  this  attempt  it  is  incumbent  on  me  to  offer 
a few  particulars.  The  want  referred  to,  especi- 
ally of  exact  elementary  knowledge  in  chemistry, 
being  brought  under  the  consideration  of  the  late 
Governor-General  of  the  Windward  Islands, 
Lieut.-Colonel  Reid,  he,  sensible  of  the  need,  and 
always  anxious  to  give  larger  and  more  improved 
means  of  instruction  to  the  people,  took  up  the 
matter  warmly,  had  a subscription  paper  prepared, 
and  a provisional  committee  formed,  and  was  not 
only  a most  liberal  contributor  in  aid  of  raising 
funds  for  the  purpose  of  laying  a foundation,  but 
likewise  published,  at  his  own  expense,  and  widely 
circulated,  gratuitously,  a little  work,  entitled 
“ Rudimentary  Chemistry,”  written  by  Professor 
Pownes  *,  whilst  passing  some  months  in  Bar- 

* Since  the  above  was  written,  I regret  to  have  seen 
announced  the  death  of  this  amiable  and  talented  man. 
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bados  as  an  invalid,  and  which,  for  simplicity, 
clearness,  exactness,  and  nice  adaptation  to  the 
end  in  view,  is  not  unworthy  of  the  pen  of  its 
able  and  estimable  author.  Another  aid  had  been 
contemplated  by  Professor  Fownes,  which,  though 
not  carried  into  effect,  it  is  to  be  regretted,  ought 
to  be  noticed,  viz.  the  opening  of  the  school  by  a 
short  course  of  lectures  on  the  elements  of  che- 
mistry. Impaired  as  his  health  was  at  the  time, 
and  requiring  rest  and  relaxation,  this,  in  his  zeal, 
he  would  have  given,  had  the  apparatus  arrived 
from  England  which  had  been  ordered,  and  was 
then  daily  expected. 

After  the  receipt  of  the  apparatus,  procured  by 
means  of  the  original  subscription,  the  first  mea- 
sure taken  by  the  Provisional  Committee  was  to 
make  a report  to  the  body  of  subscribers,  and  to 
propose  a plan  for  the  formation  of  the  school, 
under  the  name  of  the  “ Reid  School  of  Practical 
Chemistry,”  in  honour  of  its  excellent  founder, 
and  distinctive  of  its  objects. 

That  proposed  plan,  with  the  name,  was  unani- 
mously approved  and  adopted  at  a meeting  held 
on  the  24th  of  June,  1848,  following  one  of  the 
General  Agricultural  Society,  at  which  his  Excel- 
lency Governor  Reid  presided.  A part  of  the  plan 

It  took  place  on  the  31st  of  January,  when  in  his  33d  year, 
from  pulmonary  consumption,  the  disease  he  was  labouring 
under  when  he  visited  the  West  Indies. 
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was,  that  preparatory  to  the  opening  of  the  school 
for  practical  teaching,  courses  of  lectures  should 
be  given  of  a popular  kind,  by  such  gentlemen  of 
the  Board  of  Managers  as  might  be  willing  to 
perform  the  duty  gratuitously,  to  be  opened  at  a 
cheap  rate  of  admission,  without  exclusion  of  any 
respectable  person,  with  the  hope  of  exciting  a 
taste  for  chemistry,  and  spreading  more  widely 
an  interest  in  and  a desire  to  contribute  to  the 
support  of  the  institution  ; il  being  resolved  that 
the  funds  raised  by  the  lectures  should  be  appro- 
priated solely  to  the  uses  of  the  school. 

The  gentleman  who  took  the  lead  as  a lecturer 
was  a member  of  Council,  the  Hon.  Grant 
Thomas.  His  introductory  lecture  was  delivered 
on  the  2nd  of  August,  in  Harrison’s  school-room, 
a school  endowed  for  the  education  of  the  youth 
of  Barbados,  by  the  gentleman  whose  name  it 
bears,  the  master  of  which,  Mr.  Hollingsed,  had 
obligingly  allowed  a room  in  his  house  to  be  used 
as  a temporary  laboratory  and  place  of  deposit 
for  the  apparatus.  The  audience  was  a crowded 
one,  and  of  a very  mixed  kind,  and  not  uncha- 
racteristic of  the  occasion.  The  boys  of  the 
school,  in  number  hardly  less  than  sixty,  who 
had  previously  had  some  useful  instruction  in  the 
elements,  gratuitously  given  by  Mr.  Drumm,  an 
intelligent  druggist  of  Bridgetown,  formed  no 
inconsiderable  part  of  it.  The  highest  dignitaries 
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of  the  island  were  present,  — his  Excellency  the 
Governor- General,  the  Bishop  of  Barbados, 
Lieut.- General  Berkeley,  commanding  the  troops 
in  the  Windward  and  Leeward  Islands,  the  Chief 
Justice,  a considerable  number  of  the  most  re- 
spectable gentlemen  of  Barbados,  and,  to  grace 
the  whole,  there  was  a large  attendance  of  ladies. 
The  lecture  was  well  received,  as  it  deserved  to 
be,  for  it  was  excellent  of  its  kind.  It  was  fol- 
lowed by  others  by  the  same  gentleman,  not  in- 
ferior to  the  first,  to  the  extent  of  eight,  and 
which,  it  may  be  mentioned  with  confidence,  were 
as  acceptable. 

The  four  lectures,  which  are  now  published, 
were  delivered  between  Mr.  Thomas’s  4th  and 
5 th  lectures,  an  interruption  he  obligingly 
allowed,  in  consequence  of  the  author  being  then 
in  almost  daily  expectation  of  his  recall  to  Eng- 
land, his  period  of  service  in  the  West  Indies 
having  expired. 

Such  is  a brief  sketch  of  the  origin  of  the 
“ Beid  School  of  Practical  Chemistry,”  a school 
which,  if  supported,  as  I trust  it  will  be,  may 
from  such  a small  beginning  become  an  important 
institution,  and  be  the  means  of  imparting  not 
only  knowledge  of  the  most  useful  kind  to  the 
planter,  considered  as  an  agriculturist  and  a ma- 
nufacturer, but  also  a knowledge  which  cannot 
fail  to  be  beneficial  to  society  generally,  and  that 
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in  various  ways,  as  is  attempted  to  be  pointed  out 
in  the  following  introductory  lecture. 

In  its  early  feeble  state,  this  school  seems  to  be 
particularly  deserving  of  the  attention  of  the 
Home  Government.  Without  aid  of  a pecuniary 
kind  from  home,  its  efficiency  for  a long  time  must 
be  inconsiderable;  indeed,  without  such  aid,  it  is  not 
improbable  that  it  will  languish,  and  after  a few 
years  of  struggle  come  to  an  end.  If  timely 
assisted  by  a grant,  sufficient  to  procure  a more 
suitable  apparatus,  and  to  pay  an  able  teacher 
from  England,  then  it  might  rise  into  instant  use- 
fulness, and  be  of  incalculable  value  for  the  objects 
for  which  it  is  intended. 

The  present  time  is  one  of  struggle  between 
free  labour  and  slave  labour ; one  of  an  eventful 
nature,  in  which  the  welfare  of  mankind  is  con- 
cerned in  no  ordinary  degree.  The  home  market 
is  now  opened  to  slave-grown  sugar ; and  shortly 
the  duties  will  be  the  same  on  such  sugar  as  on 
that  produced  by  free  labour. 

To  ensure  successful  competition  on  the  part 
of  the  planter  employing  free  labour — that  success 
which  should  make  it  the  interest  of  the  slave 
owner  to  emancipate  his  labourers,  it  is  most  de- 
sirable, perhaps  it  is  absolutely  necessary,  that 
every  advantage  should  be  given  to  the  planters 
in  our  colonies,  compatible  with  the  good  of  the 
mother  country,  or  rather,  it  should  be  maintained, 
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with  the  good  of  the  empire  at  large ; and  every 
encouragement  afforded  to  the  colonies  to  effect  im- 
provements. It  is  not  sufficient  to  assure  the  slave 
owners  that  the  security  of  person  and  property, 
the  mental  comfort,  the  quiet  conscience  resulting 
from  emancipation,  are  felt  to  be  invaluable,  and 
more  than  a compensation  for  diminished  money- 
profit,  when  the  result  of  the  change ; and  that 
no  individual  planter  in  our  colonies,  were  it  op- 
tional to  re-establish  slavery,  would  hesitate  a 
moment  in  declining  it,  as  a great  evil  got  rid  of, 
as  a great  sin  in  itself,  and  a great  temptation  to 
sin  avoided. 

Science  applied  to  colonial  agriculture  has  al- 
ready advanced  it,  and  unquestionably  may  and 
will  advance  it  very  much  further. 

The  same  science  applied  to  the  process  of 
manufacturing  sugar  is  having  a like  effect,  and, 
if  encouraged,  will  make  progress  and  accomplish 
wonders.  I use  the  word  advisedly ; the  result  of 
science  being  so  often  such,  till  the  feeling  implied 
in  the  word  ceases  with  the  novelty.  Were  not 
additional  duties  levied  on  sugars  of  improved 
quality  made  in  our  colonies,  were  the  ad  valorem 
duty  abolished  on  our  colonial  sugars,  and  such  a 
a duty  laid  on  foreign  sugars,  that  would  be  an 
encouragement  in  point,  as  much  so  as  the  im- 
posing a higher  rate  of  duty  on  such  sugar  as  now 
practised,  has  a contrary,  a disheartening  ten- 
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dency,  arresting  improvements,  checking  the 
application  of  science,  and  mortifying  the  indivi- 
duals who  have  made  the  exertion.  The  loss  of 
sugar  and  molasses  on  the  homeward  voyage,  from 
fermentation  and  leakage,  is  enormous,  greatly 
either  to  the  enhancement  of  the  market  price  to 
the  consumer,  or  a diminution  of  profit  to  the 
producers.  Were  only  sugars  of  the  best  quality  im- 
ported or  those  prepared  according  to  the  methods 
pointed  out  by  science,  no  such  losses  would  be 
sustained ; and  foreign  countries  might  adopt 
the  same  system  of  duties  in  relation  to  sugars, 
which,  if  fairly  carried  out,  it  is  believed  would 
materially  conduce  to  prevent  the  undue  extension 
of  cane  cultivation;  might  promote  a sounder,  safer 
state  in  the  great  sugar  growing  colonies ; prevent  . 
the  terrible  catastrophe  of  servile  war,  such  as  de- 
solated St.  Domingo;  and  rapidly  lead  to  slave 
emancipation,  considered  even  as  an  economical 
measure. 

In  connexion  with  the  same  interest,  let  us 
briefly  advert  to  the  people — the  population  of 
our  West  Indian  colonies. 

The  African  is  peculiarly  fitted  to  the  climate 
of  the  West  Indies:  there,  and  in  situations  most 
unfavourable  to  the  European,  he  enjoys  health 
not  inferior  to  that  which  he  experiences  in  his 
native  country.  As  a labourer,  he  has  not,  per- 
haps, his  equal  for  power  of  endurance  and  resist- 
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ance ; and,  were  he  what  he  might  be  made,  he 
would  be  invaluable ; that  is,  if  to  his  bodily  good 
qualities  were  added  certain  mental  ones,  such  as 
skill,  improved  intelligence,  and  honesty  — quali- 
ties that  might  be  imparted  by  education.  It  is 
pleasing  to  find  that  in  youth  the  negro  has  a 
great  aptitude  to  learn,  and  a desire  to  be  in- 
structed ; and  also,  that  whatever  his  capacity 
may  be  for  the  higher  branches  of  knowledge,  in 
which  hitherto  he  has  scarcely  been  tried,  it  is 
admitted  by  those  best  acquainted  with  him,  that 
he  is  fully  equal  to  the  making  of  such  attain- 
ments as  are  connected  with  advanced  civilisation. 
The  persuasion  that  his  education  — one  judici- 
ciously  directed  — is  required  equally  for  his  own 
good,  as  a moral  agent,  and  for  the  good  of 
society  and  the  successful  competition  of  free 
with  slave  labour,  is  now  matter  of  conviction, 
and  is  beginning  to  have  effect  in  increased  exer- 
tions to  open  schools,  and  to  introduce  in  them  an 
improved  method  of  teaching  ; which,  it  is  to  be 
hoped,  as  is  expected,  will  be  conjoined  with  the 
forming  of  industrial  habits. 

What  is  applicable  to  the  labouring  class  in 
England,  as  expressed  in  verse  by  the  great  moral 
poet  of  our  times,  is  even  more  forcibly  so,  if  pos- 
sible, to  the  same  description  of  persons  in  the 
West  Indies,  especially  now,  since  the  abolition 
of  slavery : — * 
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“ The  discipline  of  slavery  is  unknown 

Amongst  us  ; hence  the  more  do  we  require 
The  discipline  of  virtue ; order  else 
Cannot  subsist,  nor  confidence,  nor  peace. 

Thus,  duties  rising  out  of  good  possest, 

And  prudent  caution  needful  to  avert 

Impending  evil,  equally  require 

That  the  whole  people  should  be  taught  and  train’d. 

So  shall  licentiousness  and  black  resolve 
Be  rooted  out ; and  virtuous  habits  take 
Their  place  ; and  genuine  piety  descend 
Like  an  inheritance  from  age  to  age.”  * 

The  West  Indian — the  planter,  the  proprietor, 
to  allude  to  another  and  higher  class  — has  com- 
monly been  charged  with  many  faults,  such  as 
want  of  energy,  idleness,  deficient  intelligence, 
deficient  enterprise.  Circumstances  considered, 
perhaps  it  was  natural  to  expect  that  such  would 


mark  his  character.  Speaking  from  my  own  ex- 
perience of  him,  I have  no  hesitation  in  expressing 
the  opinion  that  he  is  not  deserving  to  be  so  con- 
sidered, and  that  he  has  far  more  of  the  opposite 
qualities  than  could  reasonably  have  been  expected 
from  his  situation.  His  industry  and  intelligence 
are  denoted  in  the  high  state  of  culture  of  the 
land ; his  activity  and  strength  in  the  bodily  exer- 
cise which  he  daily  takes  in  the  superintendence 
of  the  operations  of  agriculture,  and  the  fatigue 

* From  “The  Excursion,”  B.  ix.  By  Wm.  Wordsworth. 
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which  he  is  capable  of  enduring.  In  brief,  whilst 
in  mental  attainments  he  is  not  inferior  to  the 
English  country  gentleman,  perhaps  he  exceeds 
on  an  average  in  this  respect  — he  is  his  equal 
almost  in  bodily  vigour ; presenting,  in  this  latter 
relation,  a remarkable  contrast  when  compared 
with  the  East  Indian.  No  palanquin  is  used  in 
the  West,  no  luxurious  hookah,  no  pomp  of  atten- 
dance of  servants,  not  even  now  a running  foot- 
man, or  horsekeeper,  or  groom. 

These  remarks  are  applicable  only  to  the  higher 
order  of  the  white  population  of  the  West  Indies,  no 
wise  to  the  inferior,  to  the  working  class,  who  are  too 
commonly  steeped  in  vice  connected  with  intempe- 
rance, and  are  altogether  a degraded  and  diseased 
set,  and  that  both  in  body  and  mind.  A large 
number  of  them  are  paupers  and  beggars : in  brief, 
it  is  only  in  this  class  that  abject  poverty  is  found, 
and  objects  of  commiseration  ; it  is  rare  indeed  to 
be  asked  charity  by  a negro  or  coloured  person  — 
during  three  years  I only  recollect  two  instances 
of  the  kind. 

These  colonies,  as  cultivation  is  carried  on  at 
present,  and  in  their  present  settled  state,  are 
altogether  unsuitable  to  the  European  immigrant 
of  the  class  of  day  labourers.  Every  circumstance 
is  unfavourable  to  him  — unfavourable  to  his 
health,  unfavourable  to  his  morals;  and,  without  ex- 
ception, unless  in  the  instance  of  the  Portuguese, — 
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and  they  are  hardly  an  exception, — every  attempt 
that  has  of  late  years  been  made  to  introduce  such 
labourers  has  proved  more  or  less  a disastrous 
failure. 

For  the  West  Indies  to  prosper,  and  for  free 
labour  to  compete  successfully  with  slave  labour 
to  its  overthrow,  what  seems  most  requisite  is,  the 
giving  a scientific  education  to  the  higher  class — 
the  proprietory  class,  the  directing  mind,  — and  a 
religious,  moral,  industrial  education  to  the  infe 
rior  class,  the  labouring  body.  Were  this  accom- 
plished, were  there  science  to  direct  skilled  and 
honest  labour,  the  triumph  of  free  labour  could 
hardly  fail  of  completion ; that  is,  in  such  an 
island  as  Barbados,  where  the  number  of  labourers 
is  quite  equal  to  the  extent  of  land  under  culture, 
or  to  any  other  colony  similarly  situated. 

Other  conditions  might  be  mentioned  as  likely 
to  promote  this  triumph,  such  as  ceasing  to  asso- 
ciate with  colour  any  ideas  of  inferiority  or  supe- 
riority,— putting  the  coloured  man,  c ceteris  paribus, 
on  an  equality  in  society  with  the  white  man, — 
giving  encouragement  to  the  coloured  man  to  raise 
himself  in  the  social  scale  by  merit,  and,  what  we 
are  sure  is  important,  and  nowise  problematical, 
discouraging,  at  the  same  time,  withdrawal  of 
labour  from  the  mart  of  labour,  and  the  field  of 
agricultural  improvement  — the  large  estates,  and 
those  of  moderate  extent,  to  small  patches  of  pro- 
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vision  grounds,  just  capable  of  supporting  ft  family 
in  the  mere  necessaries  of  life,  living  very  much 
after  the  manner  of  brute  animals. 

In  offering  the  preceding  remarks,  I have  always 
had  Barbados  in  view.  To  the  other  West  Indian 
colonies  they  are  generally  more  or  less  applicable, 
it  is  believed,  as  they  resemble  Barbados  or  differ 
from  it.  Those  most  resembling  it  are  Antigua, 
St.  Kitts,  St.  Vincent ; enjoying  similar  free  in- 
stitutions, and  settled  chiefly  by  planters  from  the 
United  Kingdom:  those  least  so  are  the  con- 
quered or  ceded  colonies,  such  as  British  Guiana, 
Trinidad,  St.  Lucia;  which  were  settled  first  by 
foreigners ; which  have  not  the  same  free  institu- 
tions ; which  seem  more  helpless  or  discontented  ; 
and  also,  probably  in  consequence,  less  inclined  to 
exert  themselves  for  the  public  good ; considering 
labour  in  such  a cause  a mark  of  weakness,  that 
is,  if  gratuitously  given. 

In  thus  noticing  British  Guiana  and  Trinidad, 
it  would  be  wrong  to  pass  over  redeeming  circum- 
stances. A debt  of  gratitude  is  due  to  the  local 
government  of  the  former  for  its  enlightened  libe- 
rality in  establishing  and  supporting  a colonial 
laboratory  for  the  purpose  of  research,  with  the 
ultimate  object  of  improving  tropical  agriculture 
and  the  manufacturing  processes,  happily  placed 
under  the  superintendence  of  a zealous  and  able 
inquirer,  Dr.  Shier.  A like  debt  is  due  to  the 


INTRODUCTION. 


XXV 


nobleman,  the  Governor  of  Trinidad,  for  the  exer- 
tions he  has  made  to  advance  the  agriculture  in 
connexion  with  the  general  welfare  of  that  fine 
island.  A good  judge  on  the  spot,  Dr.  Mitchell, — 
an  individual  who  has  laboured  hard  in  the  cause, 
with  a zeal  and  activity  rare  within  the  tropics, 
and  a large  extent  of  knowledge,  — in  one  of  his 
latest  publications,  66  Suggestions  on  the  Making 
of  Sugar,”  observes,  should  his  remarks  have  the 
desired  effect  in  rousing  the  planters  to  exert 
themselves,  “ the  credit  of  such  a result  will  be 
due  to  the  noble  and  disinterested  zeal  of  Lord 
Harris.” 
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LECTURE  I. 

INTRODUCTORY. 

ON  SOME  OF  THE  USES  OF  CHEMISTRY. 

With  the  desire  to  aid  in  a good  cause,  viz., 
that  of  promoting  the  advancement  of  the  “ Reid 
School  of  Practical  Chemistry,”  and'  to  endeavour 
to  excite  a taste  in  connection  with  that  school 
for  chemical  study  and  inquiry,  I willingly  come 
forward  to  address  you  on  this  occasion,  con- 
sidering it  a duty  so  to  do,  and  at  the  same  time 
a privilege  and  a distinction. 

With  the  objects  »in  view  as  just  stated,  it  is 
my  intention  to  bring  under  your  notice  some  of 
the  uses  of  Chemistry,  on  which  necessarily  the 
interest  belonging  to  the  science,  and  its  import- 
ance, depend. 

B 
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If  you  reflect  on  what  Chemistry  is,  viz.,  that 
science  which  treats  of  the  composition  of  bodies, 
and  their  action  on  each  other  as  affecting  com- 
position, and  the  properties  of  bodies  as  thus 
exemplified,- — reflecting,  I say,  on  this,  you  can 
have  no  difficulty  in  understanding  how  wide  is 
the  dominion  of  chemical  science,  and  how  im- 
portant it  is  in  its  various  relations,  whether  we 
look  to  the  useful  arts,  to  the  common  processes 
on  which  even  more  than  the  comforts  of  civilised 
life  depend,  or  to  the  economy  of  Nature,  in  its 
vast  extent  and  almost  infinite  variety  — such 
as  we  witness  it  in  all  its  amplitude  on  this  our 
globe. 

To  have  a just  idea,  however,  of  this  wide 
range  of  chemical  science,  and  of  these  its  im- 

o 

portant  bearings,  something  more  than  a mere 
reflecting  on  an  abstract  or  general  definition  is 
requisite : it  is  necessary  to  consider  particulars ; 
and,  as  an  aid,  I shall  adduce  some  instances. 

Let  us  begin  with  some  of  the  common  pro- 
cesses essential  to  the  comforts  of  civilised  man, 
indeed  more  than  essential,  as,  without  them,  his 
mode  of  life,  as  well  as  we  can  imagine  it,  would 
be  little  different  from  that  of  the  brute  animal. 
No  tribe  or  race  of  people,  however  rude,  has  yet 
been  discovered  destitute  of  the  knowledge  of  the 
manner  of  kindling  fire,  and  of  using  it  for  good 
and  for  evil  purposes.  This  knowledge,  the  ac- 
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quisition  of  which  is  hid  in  mystery,  and  has 
been  the  subject-matter  of  fable  — this,  which 
may  be  held  to  be  one  of  the  distinctive  marks 
between  man  and  the  brute — -is,  in  practice,  a 
purely  chemical  process,  and  one  requiring,  to 
conduct  it  in  its  very  numerous  applications  with 
the  most  perfect  success,  not  an  ordinary,  but  a 
profound,  acquaintance  with  Chemistry. 

Fire  having  been  for  a long  time  the  great 
agent  of  the  chemists,  they  of  the  old  school,  the 
alchemists,  as  in  their  pride  they  were  pleased  to 
designate  themselves,  were  named  Philosophers 
by  Fire.  This  I notice  to  show  its  early  connec- 
tion with  Chemistry.  It  is  still  an  important 
agent  in  the  chemical  laboratory,  as  it  always 
must  be;  and  it  remains,  as  you  are  aware,  the 
great  agent  of  some  of  the  most  considerable  of 
the  chemical  arts. 

It  would  be  premature  in  this  place  to  do 
more  than  to  notice  briefly  the  process  of  com- 
bustion in  relation  to  its  nature.  It  may  be 
defined  to  be  the  result  of  intense  chemical  ac- 
tion, or  the  rapid  union  of  certain  bodies  capable 
of  combining  chemically.  Two  or  three  instances 
may  be  useful : — 

The  burning  of  a candle,  a compound  body,  is 

I a familiar  example.  If  introduced  into  a limited 
portion  of  atmospheric  air  — which  is  a mixture 
of  2 1 parts  of  oxygen  in  volume,  and  7 9 of  azote 
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— it  will  burn  for  a short  time,  and  then  go  out. 
Were  we  to  examine  the  air  afterwards,  we  should 
find  nearly  half  of  the  oxygen  deficient,  expended 
in  forming  water  by  uniting  with  the  hydrogen 
of  the  candle,  and  carbonic  acid  by  uniting  with 
its  carbon ; and  it  may  be  inferred  that  the  flame 
expired  before  more  oxygen  was  consumed,  in 
consequence  of  the  action  of  union  ceasing  to  be 
sufficiently  intense  or  rapid  to  evolve  the  degree 
of  heat  essential  to  inflammation  ; and  that  this, 
moreover,  was  owing  to  the  dilution  from  the 
azote  present,  and  the  carbonic  acid  and  vapour 
of  the  water  formed. 

Phosphorus,  sulphur,  carbon,  and  the  various 
metals,  are  not  compounds  like  the  substances 
used  for  giving  light,  such  as  wax,  oil,  or  tallow, 
or  as  wood  or  coal,  the  ordinary  materials  of  our 
fires,  but  are  simple  substances,  that  is,  bodies 
not  yet  decompounded.  Some  of  them  unite 
rapidly  with  oxygen,  or  with  one  another,  so 
rapidly,  and  with  such  an  evolution  of  heat,  as 
to  produce  fire.  The  union  of  phosphorus  and 
oxygen,  and  of  copper  and  sulphur,  are  striking 
examples  of  the  kind,  and  are  easily  shown. 
In  the  one  instance  you  will  witness  a most 
brilliant  inflammation ; phosphorus,  being  volatile, 
combining  with  a substance  in  a gaseous  state, 
the  oxygen.  In  the  other  you  will  witness  the 
production  of  a red  heat,  or  simple  ignition ; the 
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copper  not  being  volatile,  though  combining  with 
a substance  that  is  so,  the  sulphur. 

In  some  chemical  writings  you  will  read  of 
combustibles  and  the  supporters  of  combustion, 
and  find  bodies  thus  divided  into  classes.  The 
arrangement  is  an  artificial  one,  affording  no  help 
whatever  to  the  explanation  or  understanding  of 
the  phenomena;  on  the  contrary,  tending  to  give 
erroneous  ideas  of  the  nature  of  combustion. 
Thus  hydrogen  and  oxygen  were  once  considered 
as  distinguished  instances  of  the  two  kinds ; yet 
if  a stream  of  oxygen  be  passed  into  an  atmo- 
sphere of  hydrogen,  and  an  electrical  spark  be 
applied  to  it,  the  phenomena  of  inflammation  will 
be  the  same  as  if  the  stream  were  of  hydrogen 
passing  into  an  atmosphere  of  oxygen,  the  oxygen 
seeming  to  burn  in  the  one  instance  as  the  hy- 
drogen does  in  the  other ; the  fact  being,  as 
before  noticed,  that  the  combustion  is  the  result 
of  the  union  of  the  two. 

From  fire  let  us  now  turn  to  water,  which  has 
been  considered  its  opposite,  and  which  is  not  less 
necessary  to  man  as  regards  his  ordinary  wants ; 
putting  aside  that,  like  air,  it  is  essential  to  the 
maintaining  of  life.  Water,  you  know,  was  long 
believed  to  be  an  element : the  discovery  of  its 
composition,  that  it  consists  of  oxygen  and  hydro- 
gen, was  coeval  with  that  of  the  beginning  of  the 
science  of  Chemistry ; and  that  is  so  recent,  that  I 
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have  been  in  the  company  of  the  two  distinguished 
men  — Cavendish  and  Watt  — who  divide  the 
honour  between  them. 

As  the  skilful  management  of  fire  requires  an 

accurate  and  extensive  knowledge  of  its  nature 

© 


and  qualities,  so,  too,  does  the  use  of  water. 
Pure  water,  by  itself,  is  liable  to  no  change : it 
neither  putrefies  nor  decomposes.  But  it  is  a 
great  solvent, — a great  agent  of  change, — and,  in 
consequence,  no  water  that  is  not  artificially  pre- 
pared is  pure ; and,  owing  to  what  it  holds  in 
solution,  it  acquires  new  properties,  which  may  be 
either  beneficial  or  otherwise,  according  to  the 
qualities  of  the  substances  dissolved:  poisonous 
if  there  be  lead  or  arsenic ; not  injurious  if  lime  or 
common  salt  in  exceedingly  small  quantities ; and 
medicinal,  that  is,  beneficial  in  certain  states  of 
disease,  if  holding  in  solution  particular  substances, 
such  as  iron,  sulphur,  iodine,  &c.  A knowledge 
of  what  it  holds  in  solution  should  direct  its  use ; 
and  if  what  it  holds  in  solution  unfit  it  for  certain 
purposes,  the  same  knowledge  will  direct  how  the 
separation  of  the  noxious  ingredients  may  either 
be  effected,  or  their  introduction  prevented.  For 
instance,  the  hardness  of  water,  to  use  a common 
expression,  rendering  it  little  fit  for  washing, 
depending  on  the  presence  of  salts  of  lime,  is  cor- 
rected by  the  addition  of  a little  alkali,  which 
decomposes  these  salts.  Lead,  in  a very  minute 
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quantity,  in  the  form  of  carbonate  of  lead,  is 
sometimes  dissolved  in  water  by  means  of  carbonic 
acid  gas,  rendering  the  water  highly  noxious,  im- 
parting a poisonous  quality,  which  slowly  and 
obscurely  takes  effect ; and,  what  is  remarkable, 
the  softer,  the  purer,  the  water,  the  more  likely  it 
is  to  become  thus  impregnated  if  kept  in  a cistern 
lined  with  lead,  or  conducted  through  pipes  of 
this  metal.  When  detected  in  water,  — and  the 
detection  is  easy  by  sulphuretted  hydrogen,  which 
throws  down  the  metal  in  the  form  of  a black 
sulphuret,  — the  prevention  of  the  like  evil  for 
the  future  is  also  easy ; which  is,  by  having  the 
cistern  or  pipe  slightly  incrusted  by  an  insoluble 
compound  of  lead,  by  keeping  these  full  for  a 
short  time  of  water  of  a hard  quality,  containing, 
for  instance,  a small  portion  of  sulphate  of  lime, 
or  of  sulphuric  acid  alone ; this  acid  uniting  with 
oxide  of  lead,  and  forming  the  compound  re- 
quired. 

These  few  instances  are  almost  sufficient  to 
show  you  how  intimately  Chemistry  is  concerned 
in  administering  to  our  ordinary  wants.  Innu- 
merable examples  might  be  given  in  confirmation. 
This  may  be  said  with  truth, — that  the  more  com- 
forts we  have,  the  more  conveniences  and  helps, 
the  more  we  are  indebted  to  Chemistry.  It  is 
difficult  to  mention  any  part  of  household  economy 
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that  is  not  under  obligations  to  it.  By  means  of 
simple  processes,  directed  by  chemical  science, 
mainly  consisting  in  the  entire  exclusion  of  atmo- 
spheric air,  perishable  meats  and  fruits  are  pre- 
served, and  a commerce  in  them  established  to  the 
most  distant  regions  of  the  globe.  Directed  by 
the  same  science,  air  which  burns  with  a brilliant 
flame  is  obtained  from  coal  and  oil,  and  is  now  in 
general  use  in  most  of  the  cities  of  Europe,  for 
the  purpose,  as  you  know,  of  lighting  streets  and 
houses.  Here  is  an  example  of  it.  This  bladder 
is  filled  with  coal  gas,  and  may  be  kindled,  as  I 
shall  shoAV  you.  The  same  gas  is  evolved  in  the 
burning  of  a candle  or  lamp ; and  the  light  ob- 
tained is  in  consequence  of  its  combustion.  Little 
more  than  fifty  years  ago,  coal  gas  was  first  tried, 
for  the  purposes  of  illumination,  by  Mr.  Murdoch, 
to  the  surprise,  and  almost  consternation,  of  those 
who  witnessed  it ; and  it  was  in  a mining  town  of 
Cornwall.  That  experiment,  then  so  thoughtlessly 
received,  has  since  been  developed  in  great  works, 
in  which  millions  of  capital  are  invested,  produc- 
tive of  an  economical  and  powerful  light,  and  in 
the  preparing  of  which  various  products  are 
obtained,  all  of  value,  and  applicable  to  many 
uses ; such  as  coke,  the  residue  of  the  coal ; such 
as  tar,  naphtha,  and  certain  salts. 

Other  improvements  in  the  manner  of  lighting 
our  rooms  we  owe  likewise  to  Chemistry ; such  as 
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lamps  which  burn  without  smoke,  owing  to  the 
manner  in  which  air  is  supplied  to  the  flame ; 
such  as  candles  almost  of  the  firmness  of  wax,  and 
possessed  nearly  of  the  same  good  qualities,  but 
greatly  cheaper,  made  from  one  of  the  ingredients 
of  common  tallow  candles,  that  which  is  solid,  by 
the  separation  of  the  other  ingredient,  which  at 
ordinary  temperatures  is  a liquid  oil. 

Economical  and  improved  methods  of  warming 
houses,  where  that  want  is  required,  are  other 
instances,  similar  to  the  preceding,  of  what  Che- 
mistry has  effected  in  relation  to  our  immediate 
wants.  Cooling  processes,  the  making  of  ices, 
the  luxuries  of  hot  climates,  are  under  the  domain 
of  Chemistry,  and  were  little  known  till  chemical 
science  was  advanced.  And  it  is  curious  to 
remark,  that  one  series  of  original  experiments, 
those  on  latent  heat,  made  by  a chemical  philoso- 
sopher,  Dr.  Black,  may  be  considered  equally  the 
basis  of  the  artificial  cooling  processes  to  which 
we  owe  the  luxuries  alluded  to,  and  of  those 
refined  researches  and  inventions  of  Watt  which 
terminated  in  the  perfecting  of  the  steam  engine — 
an  instrument  before  his  time  feeble  and  of  little 
use, — which  he  made  what  it  now  is  — the  great 
mechanical  power  of  the  age. 

I shall  dwell  but  briefly  on  the  useful  arts  in 
their  connection  with  chemical  science,  for  the 
purpose  of  illustrating  the  extent  and  importance 
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of  this  science,  the  connection  now  being  so  gene- 
rally understood. 

Of  the  arts  referred  to,  how  many  there  are 
which  are  purely  chemical ; such  as  the  reduction 
of  the  metals  from  their  ores,  and  the  various 
other  processes  of  metallurgy;  the  making  of 
glass,  of  porcelain,  even  of  brick  and  tiles;  the 
burning  of  lime ; the  preparation  of  mortars ; — arts 
affording  materials  for  so  many  other  arts:  and 
the  same  remark  applies  to  tanning,  dyeing,  and 
bleaching.  These  are  only  a small  number  of  the 
chemical  arts ; it  would  be  tedious  to  give  a com- 
plete list  of  them,  including  those  which,  if  not 
strictly  chemical,  are  in  part  so.  Mining  is  an 
example  of  this,  as  in  the  instance  of  the  coal 
mine.  The  extraction  of  the  coal  from  the  earth, 
from  the  seam  or  bed  in  which  it  is  found  to  occur, 
is  the  rudest  of  operations  when  conducted  in  a pri- 
mitive manner,  as  I have  witnessed  in  the  Turkish 
dominions  in  Asia  Minor,  where  a coal  bed  is 
worked  very  much  in  the  same  manner  as  a marl 
pit  is  in  Barbados.  But  how  different  is  the  ope- 
ration at  home ; and,  though  infinitely  more  diffi- 
cult, greatly  more  profitable.  The  power  of  steam, 
by  the  steam  engine,  is  variously  applied ; gun- 
powder is  largely  used ; light,  when  there  is  danger 
of  destructive  explosion  from  inflammable  air,  is 
obtained  by  the  use  of  a lamp  that  has  the  property 
of  confining  flame, — of  filtering,  as  it  were,  heat 
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from  light,  allowing  the  greater  portion  of  the 
light  to  pass,  and  retaining  the  larger  portion  of 
the  heat ; thus  affording  safety ; a high  tempera- 
ture being  requisite  to  inflame  coal  gas  — the 
destructive  agent  in  coal  mines. 

We  have  other  examples  in  mining  of  the 
introduction  with  excellent  effect  of  chemical  pro- 
cesses. The  natives  of  America,  when  first  dis- 
covered, were  remarkably  ignorant  of  chemistry, 
considered  as  an  art,  even  in  its  rudest  state, 
such  as  it  was  in  the  Old  World  in  the  earliest 
historical  periods.  They  were  totally  unac- 
quainted with  iron.  The  only  metals  they  used 
were  gold  and  silver,  which  they  met  with  in 
their  native  state,  and  which  of  all  metals  are  in 
that  state  most  easy  to  work.  It  is  from  this 
quarter  of  the  globe  that  a large  portion  of  the 
precious  metals  has  been  obtained ; and  their 
quantity,  consequently,  in  use  in  modern  times 
has  been  so  greatly  increased.  But  other  methods 
than  those  of  the  unskilled  aborigines  have  been 
employed  in  obtaining  them,  otherwise  the  supply 
would  soon  have  been  exhausted.  Gold  and 
silver  have  the  property  of  combining  with  mer- 
cury, forming  what  is  called  an  amalgam.  It  is 
by  employing  mercury  by  means  of  the  process 
of  amalgamation  that  such  enormous  quantities 
have  been  obtained,  the  mercury  detaching  these 
metals  from  whatever  they  are  mixed  with,  and 
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uniting  with  them,  however  minute  the  particles ; 
and  even  the  more  readily  in  proportion  to  their 
minuteness,  as  when  occurring  in  the  form  of 
invisible  granules. 

And  here  I may  point  out  that  the  power  of 
chemical  science,  in  relation  to  the  useful  arts, 
can  hardly  better  be  illustrated  than  in  the  results 
of  chemical  research  employed  on  the  native  gold 
dust  of  America;  that  which  is  collected  by 
washing  the  auriferous  sands  of  the  beds  of  rivers 
and  other  alluvial  districts  of  that  continent. 
Scientific  chemists  engaged  in  this  research  have 
discovered  no  less  than  six  new  metals  ; one  of 
which,  and  the  first  that  was  made  known,  is 
platinum,  a metal  that  exceeds  all  others  in  weight, 
is  infusible  in  the  fires  of  our  strongest  furnaces, 
is  capable  of  welding  like  iron,  is  not  liable  to 
rust  or  to  be  acted  on  by  the  most  powerful 
of  the  acids,  and,  in  consequence  of  these  pecu- 
liar qualities,  is  highly  valuable  for  all  purposes 
for  which  these  rare  properties  render  it  fit — 
whether  it  be  the  touch-hole  of  a fowling-piece, 
a crucible  or  other  form  of  vessel  for  use  in  the 
laboratory,  or  a retort  to  be  employed  in  the  ma- 
nufacture of  certain  powerful  acids.  And  here  I 
may  mention  that  the  cost  of  a single  retort  of 
this  metal,  for  making  oil  of  vitriol  or  sulphuric 
acid,  which  sells  for  a penny  a pound,  has 
amounted  to  one  thousand  pounds  sterling.  This 
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may  give  you  some  idea  of  the  capital  invested 
and  the  science  associated  with  it,  and  the 
economy  the  result,  — and,  it  may  be  taken  for 
granted,  not  without  profit  to  the  manufacturer. 
The  example,  I apprehend,  admits  of  application 
here ; and  should  encourage  those  gentlemen  who 
now,  in  consequence  of  wide  competition,  are 
striving  by  skilled  and  improved  processes,  both 
in  the  cultivation  of  the  cane  and  the  manu- 
facture of  sugar,  to  earn  success  — that  is,  profit 
with  low  prices. 

It  is  a truism  now,  that  knowledge  is  power. 
Its  best  illustrations  are  afforded  in  the  useful 
arts.  I have  mentioned,  perhaps,  sufficient  to 
convince  you  of  this.  At  the  present  time, 
wherever  we  turn  our  attention,  to  whatever 
chemical  science  has  been  applied,  we  see  it 
strongly  exemplified.  I shall  bring  forward  only 
one  instance  more,  for  fear  of  wearying  you ; and 
it  shall  be  likewise  from  metallurgy.  Most  of  the 
lead  of  commerce  is  extracted  from  galena,  which 
is  a native  sulphuret  of  lead  — that  is,  a com- 
pound of  this  metal  and  sulphur — and  which 
commonly  contains  a small  proportion  of  silver. 
When  the  art  of  reducing  the  ore  was  rude, 
this  silver  was  in  a manner  lost ; it  remained  in- 
corporated with  the  lead,  to  which  it  imparted  no 
increased  value;  indeed,  its  presence  was  for  a 
long  time  unknown.  Now  it  is  carefully  sepa- 
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rated,  by  a process  remarkable  for  its  simplicity. 
Contrary  to  what  might  have  been  expected 
a priori , lead  being  a very  fusible  metal,  and 
silver  very  much  less  so,  an  alloy  of  the  two  is 
even  more  fusible  than  lead  itself.  This  pro- 
perty is  taken  advantage  of  for  the  purpose  of 
detaching  the  silver.  The  fused  metal  after  re- 
duction, that  is,  the  lead  containing  a small  pro- 
portion of  silver,  is  cooled  nearly  to  the  point  of 
consolidation,  and  is  then  poured  on  what  may  be 
called  a metallic  strainer,  a large  iron  ladle  or 
basin  with  small  holes  in  it:  the  more  liquid 
alloy  passes  through ; the  lead,  becoming  solid,  is 
retained  in  it ; and,  ultimately,  the  silver  is  pro- 
cured pure,  detached  entirely  from  the  lead  with 
which  thus  alloyed,  by  the  process  of  cupellation, 
consisting  in  exposing  it  to  a strong  blast  of  air 
on  a support  of  bone  earth,  when  the  lead,  being 
converted  into  litharge,  is  absorbed  by  the  cupel 
of  bone  earth,  leaving  the  silver  isolated  on  its 
surface,  the  bone  earth  not  being  absorbent  of  the 
fused  metal.  The  quantity  of  silver  thus  ex- 
tracted in  England  alone  from  the  ores  of  lead  is 
very  considerable ; and  the  individual  who  first 
suggested  the  process,  founded  on  the  property 
mentioned,  derives  from  it  by  a per  centage  an 
income  of  several  thousand  pounds  a year. 

I have  spoken  of  the  connection  of  Chemistry 
with  the  economy  of  Nature.  Were  it  only  on 
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this  account,  apart  from  our  ordinary  wants  — 
apart  from  the  useful  arts  — the  science  would  be 
deserving  of  careful  study,  and  would  amply 
repay  it.  Every  region — the  atmosphere,  the 
ocean,  the  solid  earth  — and  that  both  at  its 
surface  and  in  its  depths,  may  be  considered  as  a 
laboratory,  in  which  chemical  changes  are  con- 
stantly in  progress,  and  effects  and  phenomena 
are  produced  without  intermission,  of  a wonderful 
kind,  in  admirable  harmony,  and  demonstrative  of 
an  Intelligence,  may  I say,  in  the  ordering  of 
them,  truly  Divine.  Were  the  air  constituting 
the  atmosphere  in  any  way  different  from  what 
it  is,  we  could  not  inhale  it  without  perishing. 
Formed  of  a mixture — of  a mixture , not  a chemical 
union  — of  oxygen,  azote,  carbonic  acid,  and 
aqueous  vapour,  each  of  these  ingredients  has  a 
useful  part  to  perform,  and  that  almost  equally, 
as  regards  the  two  great  orders  of  beings  pos- 
sessed of  life  to  which  they  administer,  viz., 
vegetables  and  animals.  The  atmosphere  and  the 
soil  nourish  and  support  vegetables ; the  former, 
and  vegetables,  sustain  the  life  and  growth  of 
animals;  animals,  in  living,  contribute,  by  what 
they  throw  off  as  noxious  or  superfluous,  to  the 
support  of  vegetables ; and,  finally,  in  dying 
and  in  undergoing  decomposition,  they  restore 
their  borrowed  material  elements  to  the  atmo- 
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sphere  and  the  earth  for  renovation  in  new  forms 
of  life. 

These  are  great  facts,  which  have  been  ascer- 
tained by  chemical  research.  It  is  this  research 
which  has  analysed  the  atmosphere,  and  deter- 
mined its  elements,  and  their  proportions  and 
properties ; which  has  analysed  the  ingredients 
of  the  solid  earth,  and  determined  their  kinds  and 
qualities ; and  has  done  the  same  for  the  water  of 
lakes,  seas,  and  of  the  ocean ; and  also  ascertained 
the  relations  existing  between  all  three,  com- 
prising, with  the  living  beings  which  inhabit 
them  and  the  imponderable  substances  by  which 
they  are  acted  on,  the  wide  and  vast  economy  of 
Nature,  — happily  so  called  from  the  just  and 
beautiful  arrangement,  order,  and  adaptation  of 
its  several  parts. 

Moreover,  these  studies  cannot  fail  to  be  useful 
intellectually,  tending  as  they  do  to  form  the  rea- 
soning powers  in  youth,  and  strengthen  them  in 
manhood;  tending  moreover,  as  I would  hope 
they  do,  to  exercise  a salutary  influence  on  the 
mind,  to  make  it  more  humble,  hopeful,  and  truth- 
ful. Humble,  by  the  comparison  we  cannot  fail 
to  make,  on  close  and  minute  examination,  between 
the  perfection  of  the  works  of  Nature  and  the 
imperfect  works  of  man  ; by  the  comparison  of  the 
small  extent  of  what  we  call  knowledge,  with  the 
vast  amount  that  we  are  sure  we  are  ignorant  of ; 
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hopeful,  that  is,  of  farther  progress  and  improve- 
ment, considering  the  advances  that  have  been 
made,  in  a few  years,  by  right  methods  of  research, 
viz.  carefully  conducted  experiments;  and  truth- 
ful, from  having  in  these  inquiries  to  do  with  pre- 
cise results,  determined  by  weight  and  measure, 
and  subjected  to  various  tests  to  avoid  fallacy  ; a 
mistake  in  a chemical  inquiry,  an  error  uninten- 
tionally committed,  vitiating,  it  may  be , a whole 
course  of  laborious  trials,  making  them  useless,  or 
worse  than  useless,  and  leading,  if  persisted  in, 
not  only  to  wasted  labour  and  vexation  of  mind, 
but  also,  as  it  has  been , to  loss  of  reputation. 
The  conviction  of  the  value  of  exactness  impressed 
thus  on  the  mind,  tends  to  give  it  a habit  of  ex- 
actness and  correctness,  and  that  both  in  concep- 
tion and  expression;  and  the  habit  once  formed 
necessarily  influences  the  character  of  the  indivi- 
dual. The  truths,  too,  unfolded  by  chemistry, 
have,  I believe,  a kindly  and  expansive  influence, 
not  unlike  that  of  Christianity  in  its  true  spirit. 
Chemistry  teaches  that  there  is  nothing  vile  in 
God’s  works ; that  everything  material,  however 
mean  and  common  it  may  be,  vulgarly  considered, 
has  useful  properties,  and  is  in  no  wise  deserving  of 
slight.  Take  an  example,  and  it  shall  not  be  a low 
one : — chemical,  united  with  physiological  science, 
teaches  us  that  our  coloured  fellow  creatures  have 
so  different  a hue  from  that  of  the  inhabitants  of 
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cooler  regions,  not  as  a distinctive  mark  of  in- 
feriority, but  to  fit  them  for  the  warm  regions 
they  inhabit,  the  dark  colour  of  their  skin  being 
a protection  from  the  scorching,  blistering  effects 
of  the  sun’s  rays ; it  being  the  property  of  black 
surfaces,  whilst  they  do  not  reflect  radiant  heat, 
to  convert  such  heat  into  that  not  radiant,  and 
which  in  its  effects  is  comparatively  feeble. 

My  friend,  who  preceded  me,  very  justly  pointed 
out  a difference  in  the  influence  of  classical  litera- 
ture, in  mental  training,  and  that  of  science.  There 
is  a marked  difference,  too,  I cannot  but  think,  in 
the  influence  of  science,  especially  of  chemical 
science,  and  of  that  of  the  fine  arts  on  the  mind. 
The  cultivation  of  the  fine  arts  is  little  connected 
with  that  of  the  reasoning  faculty ; it  is  more  con- 
nected with  sense  and  taste  than  intellect ; I say 
more,  because  no  great  advance  in  these  arts  can 
be  made,  or  duly  appreciated,  without  tasking  the 
intellect;  taste  even,  refined  taste,  having  its 
foundation  in  judgment  and  a certain  propriety 
belonging  to  the  moral  feelings. 

Chemistry,  by  enriching  the  mind  with  facts, 
giving  it  some  insight  into  the  wonders  of  nature 
and  of  art,  may  tend  even  to  improve  the  taste,  es- 
pecially when  in  danger  of  being  depraved  by  false 
sentimentalities.  Much  of  that  feeling  which  is 
Commonly  called  poetical  depends  on  associations. 
The  ship  with  the  flowing  sail,  the  lowly  cottage 
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embowered  in  wood,  the  curling  stream  of  blue 
smoke,  rising  gracefully  and  marking  the  spot,  are 
considered  commonly  and  spoken  of  as  poetical 
objects ; whilst  the  railway,  the  steam-vessel,  the 
steam-engine,  are  not  commonly  so  considered; 
and  is  it  not  because  they  are  generally  viewed, 
and  thoughtlessly,  in  the  light  of  objects  associated 
with  traffic,  the  property  of  a company,  and  ad- 
ministering to  common  wants,  without  regard 
being  had  to  the  high  invention,  the  exquisite 
skill,  the  immense  labour,  exercised  in  their  con- 
struction ? — seen  in  connection  with  which  surely 
they  are  better  fitted  to  excite  admiration  than 
even  a sailing  vessel,  so  much  at  the  mercy  of  the 
winds,  or  a lonely  cottage,  too  often  the  abode  of 
vice  and  misery,  or  its  blue  smoke,  which  is  most 
remarkable  for  this  tint  when  the  incumbent  air 
is  damp  and  likely  to  be  unwholesome,  or  when 
the  fuel  used,  wood  or  peat,  abounds  in  moisture. 

These  studies  have  a further  recommendation 
as  a part  of  education.  The  power  of  observing 
is  a very  important  one ; and,  because  universally 
exercised  in  a certain  manner,  unavoidably  so, 
throughout  life,  it  is  little  thought  of,  and  rarely 
cultivated  with  a view  to  improve  it.  How  wide 
is  the  difference  between  two  individuals,  the  one 
formed  to  habits  of  accurate  and  minute  observa- 
tion, the  other  an  observer  in  the  ordinary  way ; 
the  one  sees  thousands  of  objects  that  the  other 
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never  notices ; the  one  never  has  to  complain  of 
want  of  objects  to  interest  him,  surrounded  as  he 
almost  everywhere  is  by  the  inexhaustible  riches 
of  Nature  and  her  wonders, — hieroglyphics,  as  it 
were,  which  he  has  acquired  the  power  of  reading. 
The  growing  blade  of  grass,  the  green  leaf  of  a 
plant,  or  the  same  in  its  withered  state,  the  dew- 
drop,  in  its  composition,  form,  and  effects,  the  ex- 
crementitious  matter  of  an  insect, — there  is  noth- 
ing, in  brief,  I can  mention  which  meets  his  eye  in 
the  external  world,  that  does  not,  or  may  not,  at 
different  times,  incite  to  reflection  and  that  to  in- 
quiry ; and  as  the  thinking  faculty  has  the  impression 
from  the  sense,  so  that  faculty  in  return  sharpens 
the  sense  and  gives  it  power.  Chemistry,  then, 
practical  chemistry,  is  particularly  fitted  to  aid 
in  advancing  the  use  of  the  senses  in  the  way 
alluded  to.  Each  sense  in  chemical  inquiries 
is  more  or  less  exercised  ; not  only  that  of  sight, 
but  also  that  of  smell,  taste,  touch,  and,  though 
least  of  all,  even  that  of  hearing.  The  colours  of 
the  metals  exhibit  fine  distinctive  shades  of  differ- 
ence ; certain  bodies  have  characteristic  odours ; 
others  impart  to  the  touch  a peculiar  and  distinc- 
tive feel ; and  some  emit  sounds,  when  bent  or 
struck,  which  disclose  their  nature.  In  chemistry, 
then,  as  a study,  the  senses  are  cultivated  to  mi- 
nute and  accurate  discrimination  in  connection 
with,  and  subservient  to,  the  judgment  and  reason, 
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which,  I cannot  but  think,  is  no  mean  advantage 
as  regards  mental  culture. 

Moreover,  chemical  pursuits  are  not  only  well 
adapted  to  sharpen  the  senses  and  improve  the 
powers  of  observation,  but  they  are  also  useful  in 
affording  exercise  to  the  body.  Chemical  inquiry  is 
not  a sedentary  occupation.  The  practical  chemist 
must  be  alert  and  active : he  can  seldom  sit  down 
when  he  is  making  an  experiment ; his  hands  are 
almost  in  constant  use ; there  is  hardly  a muscle  of 
the  frame  that  is  not  brought  into  action  from  the 
varied  positions  of  the  body  required  when  engaged 
in  experimental  research ; and,  as  he  has  often 
powerful  agents  to  deal  with,  destructive  in  their 
effects  if  not  well  managed,  there  is  a motive  at 
the  same  time  both  to  alacrity  and  exactness,  with 
vigilance,  in  the  movements  necessary,  hardly  less 
than  on  the  part  of  light  infantry  when  skirmish- 
ing in  advance  with  an  enemy,  — a little  danger 
in  the  one  instance,  as  a great  deal  in  the  other, 
adding  much  to  the  interest  of  the  operation,  — or 
of  the  exploring  navigator,  conducting  his  vessel 
through  unknown  seas,  constantly  on  the  alert, 
and  necessarily  so,  to  avoid  the  dangers  of  rocks 
and  shoals. 

There  is  another,  and  not  inconsiderable  ad- 
vantage belonging  to  chemical  pursuits,  which  I 
must  not  pass  over  in  silence.  I allude  to  the 
amusement  and  recreation  which  they  afford  when 
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engaged  in  experimentally,  the  only  way  in  which 
they  can  be  entered  on  advantageously.  In  a 
rainy  day  in  the  country,  the  amateur  of  chemis- 
try need  not  feel  tedium  from  want  of  active  occu- 
pation : the  student  may  rise  from  his  book  or 
desk,  when  wearied  with  reading  or  writing,  and 
find  relaxation  and  amusement  in  his  laboratory, 
however  humble  and  limited  its  apparatus;  the 
merchant,  the  man  of  business,  the  tradesman, 
when  weary  with  monotonous  and  dull  details  (if 
they  are  so,  as  they  appear  to  be),  may  refresh 
and  invigorate  his  mind  by  turning  to  these  pur- 
suits ; and  in  many  instances  he  may  make  them 
subservient  to  his  interest.  There  are  many  ex- 
amples I could  refer  to,  in  illustration  of  what  I 
have  just  advanced : I shall  notice  only  one,  for 
I know  no  one  more  remarkable  — that  of 
Dr.  Priestley.  The  studies  he  was  engaged  in, 
which  he  considered  most  important,  on  which  he 
laboured,  I may  say,  sweated  his  faculties  most, 
were  those  chiefly  of  a theological  kind ; che- 
mistry he  made  his  amusement ; he  thought,  in 
consequence,  little  of  his  chemical  labours,  in  com- 
parison, and  yet  his  reputation,  a very  high,  and 
it  must  be  an  enduring  one,  because  he  was  a dis- 
coverer, mainly  rests  on  their  results.  I have  said 
that  he  was  a discoverer,  and  so  his  reputation 
must  be  lasting.  No  chemist  discovered  more 
new  substances ; scarcely  any  one  has  done  more 
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to  advance  the  science  of  chemistry.  And  yet  his 
means  were  small ; his  knowledge,  when  he  began 
to  experiment,  most  scanty ; whilst  he  was  learn- 
ing, he  was  discovering;  affording  altogether  a 
memorable  example  of  what  may  be  accomplished, 
even  when  making  scientific  research  a recreation. 

I have  laid  stress  on  engaging  in  chemical  stu- 
dies experimentally  ; allow  me  to  say  a few  words 
more  on  this  point,  especially,  considering  that  it 
is  a school  of  practical  chemistry  that  we  are  en- 
deavouring to  establish,  ■ — the  Reid  School  of 
Chemistry,  — and  to  engraft,  as  it  were,  on  Har- 
rison’s school  of  preliminary  instruction ; the 
place  where  we  are,  the  audience  assembled  sug- 
gesting and  warranting,  I would  hope,  the  remark, 
and  affording  promise  of  success,  both  as  to  a per- 
manent connection  of  the  one  school  with  the 
other,  and  the  right  direction  of  the  studies  in 
both. 

Unless  experimentally  conducted,  chemical 
studies  will  make  little  impression  on  the  mind, 
will  fatigue  rather  than  interest  it,  and  will  turn 
to  little  good  account.  Experimentally  followed, 
they  cannot,  on  the  contrary,  fail  to  amuse,  in- 
terest, and  instruct,  and  to  make  impressions 
hardly  to  be  forgotten,  the  senses  as  well  as  the 
judgment  being  at  the  same  time  appealed  to. 
The  difference  between  the  study  of  chemistry 
in  books  and  in  the  laboratory  is  even  greater  than 
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that  which  exists  between  reading  the  account  of 
a country  and  travelling  through  it  oneself ; inas- 
much as  from  the  similarity  there  is  between  one 

*/ 

country  and  another,  and  our  acquaintance  with 
the  majority  of  objects  such  as  are  common  to 
both,  we  are,  in  a manner,  prepared  to  understand 
the  description  of  that  which  we  have  not  seen 
from  the  knowledge  we  have  of  those  with  which 
we  are  familiar.  But,  as  regards  chemistry,  the 
situation  of  an  individual  not  practically  instructed 
is  very  different:  a large  number  of  the  objects  of 
chemistry  not  being  common  objects  ; very  many 
of  them  being  of  recent  discovery  ; many  of  them 
of  a subtle  nature,  almost  eluding  the  senses,  and 
entirely  eluding  them  unless  made  confessed  by 
the  help  of  experiments. 

In  carrying  on  the  study  experimentally,  more- 
over, I should  not  omit  to  mention  an  advantage 
which  I have  not  yet  noticed,  which  is,  the  exer- 
cise of  the  inventive  faculty.  This  faculty  is  ne- 
cessarily brought  into  operation  in  varying  the 
trials,  so  often  requisite  to  arrive  at  a satisfactory 
result,  and  in  contriving  apparatus  for  the  pur- 
pose. No  pursuit  that  I know  anything  of  is 
equal  to  chemistry  in  this  respect ; and  in  no  one, 
I believe,  has  the  faculty  in  question  been  more 
remarkably  developed,  as  shown  in  the  discoveries 
that  have  been  made. 

Whilst  I wish  thus  to  impress  on  your  minds 
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that  chemistry,  an  experimental  science,  is  most 
advantageously  cultivated  by  means  of  experi- 
ments, and  that  it  can  only  thus  be  studied  suc- 
cessfully and  with  pleasure,  do  not  suppose  that 
I would  imply  that  reading  is  not  necessary.  The 
reading,  and  the  consulting  of  chemical  works,  is 
essentially  necessary  to  the  chemical  student; 
books  are  not  less  required  by  him  than  appa- 
ratus : the  one  for  instruction  and  direction,  the 
other  for  practice  and  demonstration.  And  yet, 
such  is  the  value  of  experiments,  that  often,  on  a 
doubtful  point,  when  the  exact  recorded  fact  has 
escaped  recollection,  it  will  be  more  easy  to  the 
advanced  student  or  chemical  inquirer  to  deter- 
mine it  by  trial,  by  experiment,  than  by  refer- 
ence to  an  author,  especially  in  these  times,  when 
a good  index  to  a book  is  so  rarely  to  be  found. 

I may  add,  that  as  no  satisfactory  advance  can 
he  made  in  chemical  inquiries  without  taking  notes 
of  the  results  of  the  experiments  in  progress,  this 
necessarily  conduces  to  facility  and  likewise  to  ac- 
curacy in  writing,  in  itself  no  small  advantage. 

There  is  another  point  on  which  I wish,  with 
your  permission,  to  offer  a few  words.  It  has 
been  said,  and  often  repeated,  that  a little  know- 
ledge is  dangerous,  and  is  to  be  avoided.  You,  I 
hope,  are  not  of  that  opinion.  I believe  it  would 
be  more  correct  to  maintain,  that  it  is  not  a little 
knowledge , but  the  want  of  it , that  is  dangerous; 
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or,  that  crude,  imperfect,  unsound  knowledge,  if 
the  term  be  admissible,  is  dangerous,  and  to  be 
avoided.  I allude  to  this,  satisfied  that  chemistry 
affords  a refutation  of  that  which  I hold  to  be  a 
fallacy  ; and  as  such,  giving  no  small  degree  of 
encouragement  to  the  commencement  of  the 
study,  provided  it  be  entered  upon  experiment- 
ally. I have  adduced  the  instance  of  Dr.  Priestley, 
as  an  example  of  the  learner  and  discoverer  com- 
bined ; he,  too,  is  a striking  example  in  point  as 
regards  the  present  question.  He  began  the  study 
of  chemistry  very  much  after  the  manner  that  a 
child  begins  the  study  of  the  external  world  — 
almost  in  total  ignorance.  He  described  results 
as  he  obtained  them  — the  results  of  his  trials  — 
faithfully  and  minutely.  They  were  new  to  him 
necessarily ; they  were  new  to  the  world  many  of 
them;  and  these  consequently  were  discoveries. 
Thus  proceeding,  continually  experimenting  — it 
was  an  auspicious  time  that  in  which  he  lived,  in 
the  infancy  of  the  science,  when  so  much  was  to 
be  discovered, — thus  proceeding,  he  gained  know- 
ledge more  and  more,  and  became  distinguished 
as  a chemical  philosopher. 

Apart  from  the  consideration  that  all  know- 
ledge must  have  a beginning,  be  very  limited  for 
a time,  and  comparatively  limited  however  ad- 
vanced,— that  being  the  attribute  of  human  know- 
ledge, — apart  from  these  considerations,  I may  say, 
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i that  however  small  the  degree  of  chemical  know- 
e ledge  may  be,  provided  it  be  exact,  it  may  be 
'r  turned  to  account.  It  may  not  be  amiss  to  ad- 
& duce  a few  instances. 

f Here,  before  you,  are  two  specimens  of  sand, 
e one  from  the  shore  of  Carlisle  Bay,  in  this  island, 

• another  from  the  sand  hills  in  the  parish  of  St.  An- 
, drew,  near  the  sea : viewed  cursorily,  they  seem 

- little  different  in  appearance;  and  yet  they  have 
s marked  differences  of  qualities  depending  on  their 
f composition,  and  which  are  most  easily  ascertained 
a by  chemical  examination,  and,  in  consequence,  they 

- are  fit  objects  to  engage  the  attention  of  the  young 
s chemist.  If  he  pour  an  acid  on  the  sand  from  St. 

- Andrew’s,  he  will  find  that  it  will  have  no  more 
a effect  than  if  he  had  poured  water  on  it.  Making 
f the  same  trial  on  the  sand  from  the  shore  of  Car- 
>.  lisle  Bay,  he  will  find  that  a violent  action  will 
it  take  place,  an  effervescence  from  the  disengage- 
n ment  of  gas  produced,  and  that  in  a short  time 
o the  whole  of  the  sand  will  have  disappeared, 

• having  been  dissolved  almost  entirely  by  the  acid, 
d These  results  will  enable  him  to  decide  that  the 

first  kind  of  sand  is  siliceous — and  if  he  forcibly  rub 

- glass  with  it,  he  will  find  that  it  will  scratch  the 
tr  glass,  insolubility  in  most  of  the  acids,  and  hard- 
1-  ness  sufficient  to  scratch  glass,  being  characteristic 
;•  qualities  of  silica;  and  will  enable  him  also  to 
?,  decide  that  the  second  kind  of  sand  consists  chiefly 
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of  carbonate  of  lime,  which  he  will  naturally  infer 
is  derived  from  sea-shells  and  coral ; and  this  in- 
ference will  be  confirmed  by  minute  ocular  exami- 
nation of  the  sand,  when  he  will  have  no  difficulty 
in  satisfying  himself  that  if  not  each  particle,  at 
least  each  of  the  larger  ones,  is  a fragment 
either  of  a shell  or  coral ; and  the  very  little  mat- 
ter remaining  undissolved  by  the  acid  — delicate 
flakes  of  animal  matter  — will  strengthen  the 
conclusion. 

Let  us  take  two  or  three  other  instances.  The 
chalk- like  specimens  before  you  are  very  similar, 
you  perceive,  in  appearance ; they  are  from  the 
higher  parts  of  Barbados,  on  the  verge  of  or  within 
the  Scotland  district.  Though  so  similar  in  ap- 
pearance, they  are  not  so  in  reality;  and,  like  the 
sands,  they  are  fit  subjects  for  the  young  chemist 
to  experiment  on.  This  one  we  shall  see  will 
effervesce  strongly  with  an  acid,  being  composed 
chiefly  of  carbonate  of  lime ; this  other  not  at  all, 
consisting  as  it  does  chiefly  of  siliceous  matter ; 
and  not  of  common  siliceous  matter,  but  of  the  ske- 
letons, millions  in  number,  — rather,  I should  say, 
in  numbers  incalculable,  — of  microscopic  animals 
of  many  different  species ; and  the  third  also  not 
effervescing,  and  yet  different  from  the  last,  as  it 
contains  no  visible  organic  remains,  but  silica  in  a 
very  finely  divided  state,  mixed  with  alumine  and 
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magnesia,  constituting  a compound  somewhat 
between  marl  and  clay. 

These  experiments,  though  so  very  simple  and 
easy  to  be  made,  are  not  uninstructive.  How 
useful  the  information  they  afford  may  be  to  the 
agriculturist,  pointing  out  to  him,  as  they  do,  that 
one  kind  of  sand  or  of  chalk  added  to  a soil  defi- 
cient in  lime,  will  supply  that  deficiency ; and 
that  others,  like  it  in  appearance,  will  not  answer 
the  purpose.  It  admits,  too,  of  various  other 
applications,  which  I must  not  occupy  your  time 
in  dwelling  on,  both  in  the  arts  and  in  connection 
with  geology,  or  that  science,  the  object  of  which 
is  to  make  us  acquainted  with  the  structure  of  the 
globe  we  inhabit  and  the  changes  it  has  undergone. 

May  I add  another  example  ? There  is  a 
mineral,  iron  pyrites,  possessing  the  lustre,  and 
a good  deal  of  the  colour  of  gold,  which 
has  been  the  cause  of  much  expensive  delusion, 
having  frequently  been  mistaken  for  the  precious 
metal,  and  thus  led  to  costly  and  fruitless  mining 
operations.  More  than  once  since  I have  been  in 
Barbados,  small  portions  of  it  have  been  brought 
to  me,  with  the  somewhat  anxious  inquiry, 
whether  they  do  not  contain  gold;  and  very 
lately  I received  from  a friend,  as  a specimen  of 
gold  found  in  South  Carolina,  and  sent  to  him 
from  thence  as  a valuable  mineral,  a sample  of  the 
same  kind;  proved  to  be  so  by  subjecting  it  to  a 
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chemical  trial  of  the  simplest  kind,  such  as  the 
student  could  make  with  the  greatest  facility  and 
confidence  in  the  result,  viz.  the  immersing  it  in 
nitric  acid  slightly  diluted ; under  the  action  of 
which  the  glittering  gold-like  matter  disappeared 
with  effervescence,  being  dissolved, — a proof  that 
it  was  not  gold,  which  is  insoluble  in  this  acid ; — 
and  some  ferrocyanuret  of  potassium  having  been 
added,  threw  down  a dark  blue  precipitate,  de- 
monstrating that  the  matter  dissolved  was  iron. 

The  same  mineral,  iron  pyrites,  is  not  unfre- 
quently  associated  with  another,  closely  resem- 
bling it,  viz.  copper  pyrites,  a compound  of 
copper,  iron,  and  sulphur.  By  the  experienced 
miner  it  is  easily  distinguished  by  its  richer 
yellow  hue,  its  purple  tints  or  stains  often  inter- 
mixed, and  less  hardness ; by  the  inexperienced 
it  is  sometimes  mistaken  for  iron  pyrites.  Very 
lately  I received  a specimen  from  Trinidad  so 
designated.  It  was  in  reality  a mixture  of  iron 
and  of  copper  pyrites,  the  former  predominating ; 
and,  in  its  indications  in  relation  to  mining  pur- 
poses, not  unimportant,  such  a mixture,  especially 
as  in  the  instance  of  this  sample,  quartz  forming 
a part  of  it,  auguring  well  for  the  discovery  of  a 
vein  of  copper  ore,  which  might  be  worked  with 
profit.  Now  the  chemical  student,  though  but 
little  advanced,  might,  by  an  easy  experiment, 
enlighten  the  inexperienced  miner.  Reducing 
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> | the  ore  to  powder,  and  acting  on  it  by  dilute 
1 nitric  acid  in  excess,  he  would  obtain  a solution, 
i the  colour  of  which  would  denote  the  presence  of 
f i copper,  which  would  be  confirmed  by  the  addition 
1 of  ammonia  in  excess,  when  two  different  effects 
t would  be  produced,  a brown  precipitate  and  a 
blue  solution,  the  one  of  the  peroxide  of  iron,  the 
i other  of  the  peroxide  of  copper. 

Commencing  with  such  simple  experiments, 
and  obtaining  such  results,  will  there  not  be 
• encouragement  to  the  student  to  continue  and 
. extend  them  ? The  mind  of  man  is  ever  active  ; 
f the  love  of  knowledge  is  universal : the  one  too 
1 often  ill  directed  in  its  energies ; the  other  too 
r often  all  but  dormant,  or  unexcited.  Chemistry, 
I hope  I have  shown,  affords  ample  scope  for 
1 both  ; and  I can  confidently  promise,  that,  if  ex- 
v perimentally  followed,  it  will  unceasingly  yield 
o worthy  objects  for  the  mind  to  be  exercised  on, 
a | useful  and  elevating ; and  which,  in  a commensu- 
; ! rate  manner,  will  cherish  and  gratify  that  other 
fine  quality  of  human  nature,  the  love  of  know- 
ledge and  of  truth. 

I hope,  in  the  statement  I have  now  made  to 
a you  in  favour  of  the  study  of  practical  chemistry, 
h I have  not  appeared  to  exaggerate  its  usefulness 
it  and  value.  I say,  I hope , because  there  is  always 
t,  a tendency  to  appreciate  highly,  and  compara- 
<r  tively,  perhaps,  too  highly,  any  pursuit  to  which 
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one’s  attention  is  closely  and  continuously  given  ; 
and  especially  if  it  be  of  a kind  to  excite  an  en- 
thusiastic interest  — an  attachment. 

If  any  qualifying  condition  be  requisite  in  this 
my  eulogy  of  chemistry,  I would  wish  to  impress 
on  your  minds,  especially  of  the  younger  part  of 
my  audience,  that,  like  every  other  branch  of 
natural  knowledge,  it  should  be  kept  in  subordi- 
nation to  moral  science.  When  the  moral  and 
religious  foundation  is  laid  in  youth,  then  natural 
knowledge,  it  is  presumed,  may  be  sought  after 
with  safety,  — in  the  certainty  that  every  truth 
developed  in  the  external  world  will  tend  to 
fortify  the  mind  through  the  moral  sense ; and  this 
by  proving  that,  when  largely  and  comprehensively 
considered,  there  is  a harmony  between  the  merely 
physical  and  the  moral,  and  a consistency  and 
accordance  in  whatever  is  true,  whether  belonging 
to  the  world  of  sense,  or  to  that  which  is  higher 
and  is  intellectual. 
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LECTURE  II. 

ON  THE  ATMOSPHERE. 

Haying,  in  the  preceding  lecture,  pointed  out 
some  of  the  varied  uses  of  chemistry,  it  is  my  in- 
tention, in  further  illustration  of  the  subject,  to 
bring  under  your  notice  three  great  departments 
of  nature,  the  three  distinct  regions  into  which  the 
globe  we  inhabit  is  divided,  viz.  the  atmosphere, 
the  earth,  and  the  ocean  ; in  treating  of  which, 
an  opportunity  will  be  afforded,  on  a scale  even 
too  vast  for  the  occasion,  for  impressing  on  your 
minds  how  intimately  the  science  of  chemistry  is 
connected  with  the  economy  of  nature,  and  how 
imperfectly  and  inadequately  this  admirable  eco- 
nomy can  be  studied,  unless  aided  by  chemical 
science. 

The  atmosphere,  the  earth,  the  ocean,  you  need 
not  be  told,  are  necessarily  very  interesting  to  us. 

The  atmosphere  is  the  region  of  elastic  fluids, 
that  is,  of  all  airs  or  gases  which  are  not  condensed 
at  the  ordinary  degrees  of  temperature  or  of  heat 
to  the  action  of  which  they  are  exposed. 

The  earth  is  that  solid  part  of  our  globe  formed 
of  diverse  materials,  which  at  ordinary  degrees 
of  heat  are  neither  liquefied  nor  rendered  gaseous, 
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or,  in  other  words,  are  neither  converted  into  fluids 
nor  elastic  fluids. 

The  ocean  is  that  portion  which,  under  the  same 
circumstances  of  temperature,  neither  becomes 
solid  or  aeriform,  but  remains  constantly  and  uni- 
formly liquid. 

These,  the  three  great  regions  of  the  planet  we 
inhabit,  though  so  strongly  marked  asunder, 
so  different  and  distinct,  are  yet  intimately 
connected,  and  administer  to  each  other  in  a 
marvellous  manner.  Exhalations  are  constantly 
ascending  from  the  earth  and  ocean  into  the 
atmosphere.  From  the  atmosphere  almost  as 
constantly  there  is  returned  to  the  earth  and  the 
ocean,  the  matter  of  these  exhalations  condensed 
either  in  the  liquid  or  solid  form.  The  same 
causes  are  always  acting,  and,  acting  on  the  same 
materials,  though  infinitely  varied,  an  extraordi- 
nary uniformity  of  effect  is  produced,  and  a con- 
stancy of  condition  preserved  in  the  atmosphere, 
on  the  surface  of  the  earth,  and  in  the  ocean,  ren- 
dering each  of  them  fit  for  the  great  part  it  has 
to  perform  in  the  economy  of  nature.  The  later 
and  the  earlier  rains,  perennial  springs  and  streams, 
the  trade  winds  and  monsoons,  the  regularity  of 
seasons,  spring  time  and  harvest,  the  exact  line  of 
demarcation  on  our  coasts  between  the  earth  and 
ocean,  are  proofs  demonstrative  of  the  constancy 
of  condition  just  referred  to. 
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It  is  true  that  occasionally  there  is  an  interrup- 
tion to  this  harmony  of  order:  a hurricane  may 
occur  here ; a season  of  drought  there ; in  one 
spot  a volcanic  eruption ; in  another  a deluge  of 
rain,  a destructive  fall  of  hail,  or  an  inroad  of  the 
sea.  These  are  the  exceptions  to  the  general  rule, 
depending  on  the  operation  either  of  extraordinary 
causes  brought  into  action,  or  of  ordinary  ones 
acting  with  unusual  intensity ; and  are,  as  such, 
well  adapted  to  make  us  admire  the  more  the 
regular  order  and  harmony  which  commonly  pre- 
vail. 

The  atmosphere,  though  formed  of  every  thing 
permanently  elastic  or  aeriform  belonging  to  our 
globe,  or  capable  of  becoming  aeriform  on  passing 
into  the  state  of  vapour  at  ordinary  temperatures, 
though,  therefore,  an  exceedingly  miscellaneous 
mixture,  yet,  as  regards  its  principal  ingredients, 
it  may  be  said  to  be  quite  the  contrary.  The 
numerous  ingredients  which  must  exist  in  it,  are 
so  minute  in  quantity,  that  few  of  them  are  ap- 
preciable ; and  those  which  are  appreciable 
readily,  are  limited  to  a very  small  number,  viz. 
two  gases,  simple  substances,  oxygen  and  azote  ; 
one  gas  a compound,  carbonic  acid ; and  another, 
commonly  called  vapour,  but  really  a gas,  also  a 
compound,  viz.  water  in  its  elastic  state.  The 
existence  of  these,  the  principal  ingredients  of  the 
atmospheric  mixture,  are  easily  demonstrated. 
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1st.  Of  the  aqueous  part. — There  are  certain 
acid  gases  or  airs  which  have  a powerful  attraction 
for  water,  and  which,  by  combining  with  a portion 
of  water,  become  liquid,  and  from  invisible  be- 
come visible,  from  being  so  condensed.  Muriatic 
acid  gas  is  one  of  these.  This  bottle  is  full  of 
muriatic  acid  gas  ; on  taking  out  the  stopper,  you 
will  perceive  how  fumes  will  be  produced  when 
the  gas  mingles  with  the  air.  These  fumes  are 
the  liquid  acid  formed  by  the  union  of  the  gas 
with  the  moisture  in  the  air. 

There  are  certain  salts  which  have  a powerful 
attraction  for  water,  and  which,  in  combining  with 
it,  become  liquid,  or  deliquesce.  Common  salt 
is  one  of  these.  If  kept  in  air,  over  water,  it 
soon  becomes  liquid.  If  kept  exposed  to  the  at- 
mosphere, its  condition,  as  to  moisture,  will  be  con- 
stantly varying  according  to  the  quantity  of  water, 
in  its  gaseous  state,  in  the  atmosphere : when 
little,  it  will  appear  dry ; when  a moderate  quan- 
tity, it  will  appear  damp ; and  when  in  an  un- 
usual quantity,  it  will  be  in  a deliquescent  state. 
Chloride  of  calcium  has  a more  powerful  attrac- 
tion for  water  than  chloride  of  sodium  or  common 
salt ; however  little  water  may  exist  in  the 
atmosphere,  this  salt,  on  exposure,  becomes  liquid. 
I shall  spread  some  of  it  in  powder  on  a plate ; 
you  will  presently  see  it  deliquesce. 

All  animal  and  vegetable  substances  attract 
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water,  and,  being  in  a manner  measures  of  the 
degree  of  moisture  in  the  atmosphere,  are  called 
hygrometrical.  If  you  dry  thoroughly  a cord 
made  either  of  cotton,  or  flax,  or  hair,  or  animal 
fibre,  such  as  catgut,  by  placing  it  before  a fire, 
you  will  find  it  will  lose  weight  and  will  become 
longer  owing  to  the  loss  of  moisture ; and,  on  the 
contrary,  if  you  expose  it  to  the  atmosphere,  in 
proportion  to  the  quantity  of  aqueous  gas  present, 
it  will  gain  weight  and  contract  lengthwise,  be- 
coming at  the  same  time  thicker.  An  experiment, 
the  making  of  which  will  occupy  very  little  time, 
may  answer  well  to  illustrate  the  fact.  Here  is 
a dry  cord,  dried  by  having  been  kept  in  a jar 
with  a substance  that  attracts  moisture  powerfully 
— quicklime.  You  see  its  length  as  it  is  extended. 
I shall  now  wet  it.  You  see  now,  when  extended, 
how  much  it  is  shortened. 

Further,  if  we  take  a glass  tube,  say  29  inches 
in  length,  and  fill  it  with  mercury,  and  place  it 
perpendicularly,  inverted  in  mercury,  there  will 
be  no  fall  of  the  liquid  metal ; this  column  is  sup- 
ported by  the  pressure  of  the  incumbent  atmo- 
sphere. Now,  if  a drop  of  water  be  admitted,  there 
will  be  a slight  fall  of  the  mercury,  owing  to  a por- 
tion of  the  water  being  converted  into  vapour,  or, 
to  speak  more  correctly,  into  gas,  which,  by  its 
elastic  power,  is  capable  of  counteracting  a certain 
degree  of  pressure  from  the  atmosphere  without. 
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2dly.  Of  the  carbonic  acid  part. — Certain  sub- 
stances have  also  a strong  attraction  for  this  acid. 
Lime  is  one  of  them,  that  is,  the  compound  of  the 
metal  calcium  and  oxygen.  If  lime  be  exposed 
to  the  atmosphere,  it  first  absorbs  moisture  from 
the  atmosphere,  nearly  one  third  of  its  weight, 
and  then  appears  as  a dry  powder — the  quenched 
lime  of  the  mason,  the  hydrate  of  the  chemist.  If 
it  be  further  exposed  to  the  atmosphere,  it  draws 
carbonic  acid  from  it,  becomes  a carbonate  of  lime, 
and  at  the  same  time  loses  the  water  with  which 
it  had  previously  combined.  This  carbonate  is 
identical  with  limestone  and  marble ; and  lime 
(quicklime)  is  obtained  from  limestone  and  marble 
merely  by  the  expulsion  of  its  carbonic  acid  by 
the  strong  heat  of  the  lime-kiln.  Hydrate  of  lime 
is  slightly  soluble  in  water.  If  this  solution  be 
exposed  to  the  atmosphere,  in  a short  time  a pel- 
licle or  crust  will  form  on  it,  which  on  examina- 
tion will  be  found  to  be  carbonate  of  lime.  I 
shall  pour  into  this  vessel  some  perfectly  transpa- 
rent lime  water ; in  a little  while  the  crust  men- 
tioned will  begin  to  appear. 

There  is  a form  of  apparatus  before  you  which 
is  well  adapted,  not  only  for  demonstrating  the 
presence  of  carbonic  acid  in  the  atmosphere,  but 
also  for  determining  its  proportional  quantity. 
It  consists,  you  perceive,  of  a bottle  with  two 
mouths,  provided  with  stop-cocks,  to  one  of  which 
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is  attached  a slender  bent  tube,  to  the  other  a 
perpendicular  one  ending  in  a globe.  By  means 
of  it,  lime  water,  or  milk  of  lime,  or  solution  of 
potash,  which  also  has  a strong  attraction  for  car- 
bonic acid,  can  be  made  to  act  on  a measured 
quantity  of  atmospheric  air,  and  the  quantity  of 
carbonic  acid  gas  in  the  air  will  be  denoted  by 
the  rise  of  the  water  in  the  bent  tube,  precautions 
to  prevent  change  of  temperature  during  the  trial 
being  observed. 

3dly.  Of  the  oxygen  and  azote  portion  of  the 
atmosphere.  — When  lead  or  mercury  in  a close 
vessel  is  kept  at  a certain  temperature  for  a 
considerable  time,  it  combines  with  the  oxygen 
of  the  air,  and  become  converted  into  a red  powder. 
That  from  mercury  was  long  known  by  the  name 
of  red  precipitate  per  se,  no  substance  between  it 
and  the  atmospheric  air  being  concerned ; that 
from  the  lead  was  also  long  known,  and  under  the 
name  of  minium.  If  either  of  these  oxides,  or 
compounds  of  metal  and  oxygen,  be  strongly 
heated,  it  will  be  decomposed.  In  the  instance  of 
that  of  mercury,  the  metal  will  be  revived,  and 
all  the  oxygen  absorbed  will  be  recovered ; in  the 
instance  of  that  of  the  lead,  only  a portion  of  the 
oxygen  will  be  expelled,  the  metal  will  remain  in 
a lower  degree  of  oxidation,  viz.  that  of  litharge. 
It  would  occupy  too  much  time  to  illustrate  what 
I have  stated  by  experiments ; I mention  the 
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facts  because,  in  the  history  of  chemical  science, 
they  are  most  important.  It  was  from  precipitate 
per  se  that  oxygen  was  first  obtained  by  Dr. 
Priestley,  and  its  discovery  made.  The  experi- 
ments I have  described  were  experimenta  cruris , 
by  which  it  may  be  said,  the  foundations  of 
the  modern  science  of  chemistry  were  laid, — that 
science  which  is  exact,  the  expression  mainly  of 
facts,  and  not  of  speculative  views,  such  as  was 
the  older  science,  though  it  hardly  deserved  the 
name  of  science,  which  it  superseded. 

There  is  a gas  called  the  nitrous  gas,  a com- 
pound of  azote  or  nitrogen  and  oxygen  in  certain 
proportions.  This  gas  is  capable  of  combining 
with  more  oxygen,  and  in  so  doing  it  is  converted 
into  a powerful  acid ; and  that  acid,  which  is  also 
a gas,  having  a strong  attraction  for  water,  if  it 
be  allowed  to  mingle  with  the  atmosphere,  pro- 
duces fumes,  the  acid  being  condensed  into*  a 
liquid.  Here,  in  this  vessel,  is  a portion  of  nitrous 
gas ; in  this  other  is  a portion  of  atmospheric  air, 
an  equal  volume.  On  admixture,  you  will  per- 
ceive, a red  vapour  will  be  produced,  and  fumes, 
there  being  moisture  in  both,  and  that  the  water 
will  rapidly  rise,  owing  to  the  removal  or  separa- 
tion of  the  oxygen. 

Phosphorus,  it  has  been  shown  to  you  more 
than  once,  burns  with  intense  vividness  in  oxygen 
gas.  The  compound  formed  is  a solid  acid,  the 
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phosphoric.  It  burns,  too,  you  have  seen,  with  a 
bright  flame  in  atmospheric  air,  when  this  same 
compound  results.  In  consequence  of  its  forming, 
in  combustion,  this  compound,  and  in  consequence 
of  its  very  powerful  attraction  for  oxygen,  owing 
to  which  it  is  capable  of  separating  the  whole  of 
the  oxygen  from  a mixture,  such  as  that  of  com- 
mon air,  it  is  particularly  fitted  for  the  purpose  of 
demonstrating  what  we  have  now  under  conside- 
ration, viz.  the  presence  of  oxygen  in  the  atmo- 
sphere in  admixture  with  azote. 

I shall  make  before  you  an  experiment  which 
you  have  witnessed  before,  which  is,  the  burning 
of  a portion  of  phosphorus  in  air  confined  over 
water  in  a retort.  You  will  perceive,  after  the 
combustion  is  over,  and  the  retort  has  cooled  to 
the  temperature  of  the  atmosphere,  that  the  water 
will  rise  in  the  neck  of  the  vessel,  denoting  there- 
by the  abstraction  and  proportion  of  the  oxygen 
consumed,  and  that  the  whole  of  the  oxygen 
present.  You  will  perceive,  too,  how  large  is 
the  quantity  of  air,  of  azote,  which  is  residual, 
compared  with  that  of  the  oxygen  which  has  been 
removed. 

According  to  the  most  accurate  researches 
that  have  been  made  on  the  composition  of  the 
atmosphere,  the  two  first  ingredients  mentioned, 
the  water  and  the  carbonic  acid,  are  in  variable 
proportions ; the  oxygen  and  azote  in  proportions 
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almost,  if  not  quite,  invariable.  The  watery  part, 
as  to  quantity,  is  chiefly  determined  by  tempera- 
ture. The  warmer  the  atmosphere  is,  cateris  pari- 
bus, the  more  of  aqueous  gas  is  present  in  it : it 
abounds,  consequently,  in  the  tropical  atmosphere ; 
and,  on  the  contrary,  in  the  arctic,  in  winter,  it 
exists  hardly  in  an  appreciable  quantity.  Within 
the  tropics,  however  dry  the  weather,  if  any 
article  of  dress,  whether  of  cotton,  silk,  or  linen, 
be  brought  near  a fire,  it  will  apparently  smoke, 
from  the  expulsion  of  moisture.  But  not  so  within 
the  arctic  regions  in  the  depth  of  winter,  when  the 
temperature  of  the  atmosphere  may  be  50  or  60 
degrees  below  the  freezing  point  of  water.  I have 
been  assured  by  a northern  traveller,  that  under 
such  circumstances,  he  has  seen  a blanket  dried  in 
the  open  air,  after  having  been  washed  and  frozen, 
— dried  by  the  evaporation  of  ice  — not  affording 
any  indication  of  moisture  remaining  in  it  when 
brought  near  a fire,  no  visible  vapour  whatever 
rising  from  it. 

I have  stated  that  the  proportion  of  aqueous 
gas  in  the  atmosphere  is  chiefly  determined  by 
temperature.  With  the  barometer  tube  holding 
mercury,  to  which  a little  water  has  been  added, 
this  is  easily  shown : the  higher  the  temperature 
is  raised,  the  more  aqueous  gas  will  be  generated, 
the  more  the  mercury  will  fall ; and,  at  the 
boiling  point  of  water,  the  tube  will  be  entirely 
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filled  with  aqueous  gas  or  steam,  water  at  this 
temperature,  viz.  212°,  under  ordinary  atmo- 
spheric pressure,  being  a permanently  elastic 
fluid. 

As,  cateris  paribus , it  is  the  temperature  which 
determines  the  proportion  of  moisture  or  aqueous 
gas  in  the  atmosphere,  it  is  necessarily  high 
within  the  tropics,  and,  especially  near  and  over 
the  sea,  and  in  situations  not  subject  to  the 
action  of  parching  winds,  rendered  excessively 
dry  by  blowing  over  heated,  arid  deserts.  From 
such  observations  as  I have  made  in  this  island, 
I am  led  to  infer  that  the  quantity  of  aqueous 
vapour  in  1000  parts  of  atmospheric  air  is  often 
as  much  as  30,  and  seldom  less  than  23  esti- 
mating by  volume ; or  by  weight,  in  one  instance 
it  will  amount  to  nearly  10  grains  of  water  in 
the  cubic  foot  of  air,  in  the  other  to  a little  less 
than  7 grains,  which  denote  an  average  at  least 
double  that  of  the  climate  of  England. 

The  proportion  of  carbonic  acid  in  the  atmo- 
sphere, judging  from  the  few  and  very  limited 
accurate  experiments  that  have  yet  been  made  — 
limited,  I mean,  as  to  country  — is  far  less  variable 
than  that  of  the  aqueous  portion,  ranging  from 
about  3 in  10,000  of  air  to  nearly  6,  and  seem- 
ingly connected  more  with  peculiarities  of  locality 
than  with  temperature  of  the  atmosphere : thus 
it  has  been  found  in  the  atmosphere  of  towns  in  a 
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little  larger  proportion  than  in  the  air  of  the 
country  ; in  a rather  less  proportion  in  the  air 
over  large  surfaces  of  water  than  in  that  over  a 
cultivated  country ; and,  also,  in  rather  less  pro- 
portion in  the  atmosphere  after  rains  than  before 
them.  The  extent,  however,  of  variation,  as 
hitherto  ascertained,  has  not  exceeded  2 parts  in 
10,000. 

The  proportions  of  oxygen  and  azote  in  the 
atmosphere,  it  has  already  been  stated,  are  almost, 
if  not  quite,  invariable ; and,  what  is  very  re- 
markable, they  are  so  according  to  the  most 
accurate  experiments  that  have  yet  been  made, 
whether  the  air  examined  has  been  taken  from 
the  summits  of  the  highest  mountains,  from  the 
level  of  the  sea,  from  the  streets  of  the  crowded 
city,  from  the  wards  of  an  hospital,  or  from  the 
open  country.  The  proportion  of  one  gas  to  the 
other  has  been  found  to  be  in  volume  as  21  to 
79;  2 1 of  oxygen,  7 9 of  azote. 

Considering  that  in  all  climates,  at  all  seasons, 
in  all  situations,  these  are  the  proportions  in  which 
these  gases  have  been  found  to  exist  in  the 
atmosphere,  it  is  not  surprising  that  the  inference 
was  drawn  that  they  are  united  chemically,  and 
that  a certain  chemical  attraction  is  the  cause  of 
their  being  in  these  seemingly  definite  propor- 
tions. This  view,  plausible  as  it  was,  does  not 
appear  to'  be  true ; and  it  is  now  universally  re- 
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linquished  by  all  exact  inquirers.  The  conclu- 
sion they  have  arrived  at  is,  that  the  oxygen  and 
the  azote,  as  well  as  the  carbonic  acid  gas  and 
the  aqueous  gas,  are  merely  in  a state  of  me- 
chanical mixture ; that  most  intimate  indeed,  but 
partaking  no  wise  of  the  character  of  chemical 
union.  This  view  does  not  lessen  our  feeling  of 
admiration  at  the  composition  of  the  atmosphere ; 
it  rather  increases  it,  reflecting  on  the  immensity 
of  space  over  which  it  extends,  and  whilst  en- 
veloping the  whole  of  our  globe,  reaching  above 
its  surface  to  a height  of  many  miles,  not  less,  it 
is  presumed,  than  fifty,  and  yet  every  where,  and 
always,  as  regards  its  principal  elements,  the  same. 

This  is  a wonder,  indeed ; and  it  may  be  well 
to  pause  briefly,  and  notice  some  of  the  circum- 
stances to  which  this  extraordinary  uniformity  of 
mixture  is  to  be  attributed.  . If  we  introduce  into 
a vessel,  over  water,  equal  volumes  of  the  lightest 
and  of  the  heaviest  of  the  gases,  for  instance,  hy- 
drogen and  carbonic  acid,  and  examine  the  con- 
tents after  a little  while,  taking  a portion  from 
the  upper  and  another  portion  from  the  lower 
part,  we  shall  not  find  the  hydrogen  accumulated 
where  it  might  have  been  expected  from  its  light- 
ness, nor  the  carbonic  acid  where  it  might  have 
been  expected  from  its  greater  weight,  the  one 
towards  the  top,  the  other  towards  the  bottom, 
but  throughout,  at  top,  bottom,  and  middle,  we 
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shall  find  them  equally  mixed.  Again,  if  we  fill 
two  vessels  with  the  same  gases,  and  connect  the 
vessels  by  means  of  stop-cocks,  on  opening  the 
communication  between  the  two  vessels  by  turn- 
ing the  stop-cocks,  supposing  the  hydrogen  to 
be  in  the  upper  and  the  carbonic  acid  gas  in  the 
lower  vessel,  the  two  gases  will  not  continue 
apart  ; rapidly  through  the  narrow  opening  there 
will  be  a descent  of  the  lighter  hydrogen  gas,  and 
an  ascent  of  the  heavier  carbonic  acid  gas,  till  the 
two  are  equally  mixed.  And  the  same  results 
would  take  place,  the  same  equable  commingling 
of  the  particles  of  the  light  and  heavy  gas  wTould 
be  effected,  were  the  two  vessels  separated  by 
an  animal  membrane,  such  as  bladder,  or  were 
the  orifices  of  the  stop-cocks  filled  with  plaster  of 
Paris,  both  being  pervious  to  air. 

This  commingling . is  accompanied  by  no  con- 
densation, no  change  of  volume.  The  particles 
of  one  air,  judging  from  effects,  have  been  con- 
sidered as  repulsive  of  each  other,  and  indifferent 
or  inert  as  to  the  particles  of  any  other  air  with 
which  they  do  not  combine  chemically;  and  to 
this  the  rapidity  of  gaseous  diffusion  is  attributed, 
one  kind  spreading  through  another  kind  as  if 
rushing  into  a vacuum,  and  with  accelerated  force 
and  rapidity  from  the  similar  particles  repelling 
each  other. 

That  this  principle  of  gaseous  diffusion  is 
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intimately  connected  with  the  uniformity  of  mix- 
ture of  the  several  ingredients  of  the  atmosphere 
cannot  be  doubted.  Other  causes  are  likewise 
in  operation  conducive  to  the  same  admirable 
effect.  The  motion  of  our  globe  rapidly  revolving 
may  be  considered  one  of  them ; and  connected 
with  its  motion,  and  with  its  place  in  relation  to 
the  sun,  the  transition  from  day  to  night,  and 
the  changes  in  the  seasons  of  the  year,  productive 
of  changes  of  temperature  in  the  atmosphere ; 
and  these  changes  productive  again  of  perpetual 
motion  of  its  parts,  giving  rise  to  currents  of  air 
in  various  directions  — the  breeze,  the  gale,  the 
hurricane — all  having  the  same  tendency  to  aid 
diffusion  and  produce  that  uniform  mixture  which 
has  been  found  to  exist.  The  manner  in  which 
volcanic  ashes,  or  the  dust  of  the  desert — the 
one  projected  by  volcanic  eruption,  the  other 
raised,  it  is  probable,  by  a whirlwind — are  scat- 
tered over  an  immense  space,  hundreds  of  miles 
of  surface,  as  has  often  occurred,  may  aid  in 
forming  an  idea  of  the  diffusive  power  of  the 
winds ; the  winds  themselves  being  the  matter  of 
the  atmosphere,  those  invisible  elastic  fluids  in 
the  act  of  change  of  place  and  diffusion. 

This  tendency  to  intimate  mixture  of  the  main 
ingredients  of  the  atmosphere,  depending  on 
their  own  qualities,  and  those  other  causes  in 
constant  operation  aiding,  may  be  mentioned  as 
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one  of  the  reasons,  that  the  innumerable  ex- 
halations from  the  earth’s  surface  of  all  things 
volatile,  from  the  aroma  of  a flower  to  the  offen- 
sive effluvia  arising  from  a decaying  animal  or 
vegetable,  are  hardly  any  of  them  appreciable, 
using  the  most  delicate  and  searching  methods  of 
inquiry  that  have  hitherto  been  employed. 

Another  reason  is,  that  there  is,  as  it  were,  a 
special  cause  preventing  their  accumulation  in  the 
atmosphere.  This  is  rain,  which,  as  it  passes 
through  the  air,  washes  it,  and  brings  down  with 
it  the  larger  number  of  all  the  exhalations  alluded 
to,  thus  purifying  the  atmosphere  in  the  simplest 
and  most  efficacious  manner,  and  rendering  it  fit, 
without  interruption,  for  the  important  uses  for 
which  it  is  designed.  If  rain  water  be  carefully 
examined,  proof  will  be  obtained  that  it  performs 
this  purifying  function.  It  will  be  itself  found 
never  pure.  If  examined  for  the  volatile  alkali, 
a substance  that  is  evolved  whenever  animal  matter 
decomposes,  it  has  always  been  detected,  at  least  in 
Europe ; and  I have  obtained  traces  of  it  in  rain 
that  fell  in  this  island,  but  so  feeble,  that  I am  in- 
duced to  infer  that  there  is  less  of  this  substance 
in  the  atmosphere  of  the  West  Indies  than  in  that 
of  England,  or  of  the  continent  of  Europe.  If 
vegetable  matter  be  sought  for  in  rain  water,  it 
also,  in  exceedingly  minute  quantity,  may  be  de- 
tected, and  saline  matter  likewise ; and  a free 
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volatile  acid,  the  muriatic,  has  been  discovered  in 

it. 

Regarding  merely  the  composition  of  the  at- 
mosphere as  a mechanical  mixture,  its  uniformity 
is  sufficiently  marvellous.  When  we  consider  the 
uses  to  which  it  is  subservient,  the  great  and 
varied  part  it  performs  in  the  economy  of  nature, 
this  constancy  appears  the  more  remarkable,  and 
especially  in  connection  with  the  effects  or  phe- 
nomena with  which  it  is  concerned,  and  the  fine 
compensating  powers  which  act  in  their  pro- 
duction. 

The  atmosphere,  permeated  by  rays  of  heat 
and  of  light  from  the  sun,  is,  directly  or  indirectly, 
the  material  cause  of  all  that  animation  which  we 
witness  around  us.  Every  animal  that  breathes, 
every  plant  that  vegetates,  every  fire  that  is 
kindled,  every  rock  that  decomposes,  — in  brief, 
every  change  we  witness,  is  effected  through  the 
instrumentality  of  this  wonderful  medium.  The 
ceasing  to  respire,  and  death,  are  synonymous  ; the 
exclusion  of  air,  and  the  extinction  of  flame,  are 
simultaneous  ; so,  too,  is  the  exclusion  of  air  and 
the  cessation  of  chemical  change  in  animal,  vegeta- 
ble, and  mineral  substances,  — with  some  few 
exceptions.  In  brief,  without  an  atmosphere  to 
our  globe,  such  as  it  possesses,  it  would  be  a most 
dreary  waste  of  rock  and  water,  — a lifeless 
desert ; and  for  all  time,  according  to  our  present 
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knowledge,  it  would  so  continue,  excepting,  in- 
deed, the  little  variety  that  might  be  produced  by 
the  occasional  outbreak  of  a volcano,  or  the  con- 
vulsion of  an  earthquake,  depending  on  internal 
causes  in  operation  nowise  connected  with  the 
atmosphere. 

How  different  from  this  horrid  imagined  scene 
is  that  which  really  exists!  Wherever  we  cast 
our  eyes,  whether  along  the  surface  of  the  earth, 
over  the  sea,  or  upwards  to  the  sky,  there  is  this 
impression  made,  — that  the  nature  by  which  we 
are  surrounded  is  always  active,  and  in  ceaseless 
change ; and  that  this  activity  and  change  are 
connected  with  organisation  and  life,  which  are, 
indeed,  the  strongest  manifestations  of  them. 
Scarcely  a spot  that  the  eye  can  reach  that  is 
without  living  beings,  vegetable  and  animal.  The 
surface  of  the  rock,  apparently  destitute  of  soil, 
possesses  them.  They  are  to  be  found  even 
amongst  Alpine  snows  and  Polar  ice.  More  than 
50,000  distinct  species  of  insects  have  been  de- 
scribed by  the  naturalist ; and  about  twice  as  many 
separate  species  of  plants ; and  almost  every  day 
additions  are  made,  and  it  is  probable  will  for  a 
long  time  be  made,  to  a number  already  so  im- 
mense. Besides  what  are  visible  to  the  naked  eye, 
there  are  millions,  countless  living  beings  existing 
which,  from  their  minuteness,  escape  detection  by 
the  sharpest  unaided  vision,  and  can  be  discovered 
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only  by  the  magnifying  power  of  the  microscope, 
an  instrument  which  has  brought  as  many  won- 
ders to  light,  as  regards  the  minute  works  of 
creation  around  us,  as  the  telescope  has  in  relation 
to  the  great  masses  of  matter  which  are  distri- 
buted through  ethereal  space ; and  the  more  im- 
proved the  former  instrument  is  rendered,  — as  is 
also  the  case  with  the  telescope,  — the  more  nu- 
merous and  surprising  are  the  disclosures  which  it 
makes,  tending  even  to  prove  that  the  invisible 
species  — that  is,  visible  only  by  aid  of  the  mi- 
croscope — are  not  fewer  in  number  than  those 
which  from  their  large  size  require  no  such  help  to 
be  seen,  and  rendering  it,  indeed,  probable  that 
the  invisible  exceed  the  visible  in  the  number  of 
their  species.  This , too,  is  w~ell  deserving  of 

being  kept  in  mind,  — that  there  is  no  confu- 
sion of  species,  no  appearance  of  imperfection  in 
the  smallest  visible  animalcule.  And  further,  that 
though  there  is  a gradation  from  the  simplest 
form  of  living  being,  from  the  nucleated  cell, 
from  the  monad  to  man,  the  gradation  is  by  dis- 
tinct species ; not,  as  it  were,  an  ascent  by  a con- 
tinuously inclined  plane,  but  by  a succession  of 
steps,  so  as  no  wise  to  favour  the  notion  formed  by 
some  materialists,  that  there  is  in  matter  a property 
by  the  existence  of  which,  under  favourable  cir- 
cumstances, one  species  of  an  inferior  kind  can 
become  another  of  a superior,  and  so  in  process  of 
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time,  by  a gradual  elaboration  of  organs,  the  sim- 
plest form  of  life  may  become  the  most  compli- 
cated, and  man  may  be  traced  back  to  the  invisi- 
ble monad. 

I shall  now,  with  your  leave,  make  some 
mention  — it  must  be  brief,  and  it  will  be  very 
imperfect  — of  the  part  performed  by  the  several 
ingredients  of  the  atmosphere  in  the  economy  of 
nature,  constituting  that  active  and  animated 
scene  around  us  to  which  I have  just  alluded. 

1st.  Of  the  aqueous  'part,  — to  observe  the  same 
order  as  that  which  has  hitherto  been  followed. 

The  aqueous  vapour  in  the  atmosphere  is  the 
immediate  source  of  clouds  and  mists,  of  rain,  hail, 
snow,  and  dew,  and  appears  to  be  concerned 
in  the  production  of  atmospheric  electricity, 
whether  witnessed  in  the  thunder-storm  in  its 
state  of  greatest  intensity,  or  in  a milder  degree  in 
the  harmless  coruscations  and  flashes  of  light 
which  are  occasionally  seen  passing  from  cloud  to 
cloud. 

Rain,  hail,  and  snow  are  the  results  of  an  excess 
of  moisture  in  the  atmosphere,  and  have  the  effect 
of  unloading  it  of  that  excess,  and  seem  invariably 
in  their  production  to  be  accompanied  by  a fall  of 
temperature,  which  in  the  instance  of  rain  in  hot 
climates  generally,  and  of  hail  in  some  of  them, 
is  so  agreeably  felt  and  is  so  refreshing.  Dew, 
too,  is  owing  to  reduction  of  temperature,  but  not 
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in  the  atmosphere  so  much  as  in  the  substances, 
chiefly  the  leaves  of  low  plants,  on  which  it  forms 
— not  falls  — a cooling  of  them  occasioned  by  the 
radiation  of  heat  from  them  through  the  clear  air 
into  ethereal  space.  Clouds  and  mists  have  their 
origin  in  the  same  cause  — a lowering  of  temper- 
ature, being  floating  particles  of  water  so  con- 
densed ; but  whether  collected  into  excessively 
minute  drops  and  suspended  in  consequence  of 
their  fineness,  or  so  arranged  as  to  form  little  blad- 
ders or  vesicles,  is  hardly  yet  determined  in  a satis- 
factory manner. 

All  the  beauty  of  the  sky — so  varied  and  charm- 
ing, from  the  rainbow  that  occasionally  spans,  and 
the  gorgeous  clouds  that  so  often  adorn  it,  to  its 
ordinary  colour,  the  cerulean  hue,  its  character- 
istic — is  due  to  this  aqueous  part  in  its  different 
states.  Were  the  sky  without  moisture,  it  may 
be  inferred  its  aspect  would  be  most  dismal  — an 
intense  black.  The  higher  a traveller  ascends  a 
lofty  mountain,  the  darker  the  aerial  hue  becomes. 
And  blue,  we  know,  is  the  colour  of  water,  whe- 
ther liquid  or  solid,  — whether  witnessed  in  the 
great  mass  of  the  waters  of  the  ocean,  or  in  that  of 
the  glacier.  We  may,  therefore,  I think,  fairly 
conclude  (at  least  as  probable),  that  the  beautiful 
blue  of  the  sky  is  not  the  colour  of  either  oxygen, 
azote,  or  carbonic  acid,  but  solely  that  of  the 
aqueous  ingredient. 
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The  usefulness  of  this  aqueous  portion,  exclu- 
sive altogether  of  the  beauty  it  imparts,  is  hardly 
to  be  described,  it  is  so  great  and  varied.  Neither 
animal  nor  vegetable  life  could  exist  without  mois- 
ture in  the  atmosphere,  and  derived  from  it.  Its 
absence  would  be  as  fatal  as  the  annihilation, 
were  it  possible,  of  all  the  other  ingredients,  not 
excepting  the  vital  air,  or  oxygen.  It  would  be 
easy  to  prove  this  by  reference  to  facts ; but  I 
must  not  attempt  to  give  the  proof,  — time  is 
wanting  for  so  doing.  You  know  here,  from  too 
often  acquired  experience,  that  drought  arrests 
the  progress  of  vegetation  ; and  that  a supply  of 
moisture  to  your  fields  in  successive  showers  is 
essential  to  their  fertility.  Cceteris  paribus , the 
skilled  planter  here  can  calculate  almost  to  a 
nicety  the  amount  of  his  staple  crop  — the  sugar 
cane  — if  informed  of  the  quantity  of  rain  that  has 
fallen  between  the  planting  of  it  and  its  reaping, 
and  the  intervals  between,  and  the  character  of, 
the  showers.  But,  let  me  add,  the  fertilising  effect 
of  rain  is  not  simply  owing  to  the  moisture  sup- 
plied ; it  is  due  also  to  other  elements  of  fertility  — 
the  gases,  oxygen,  azote,  and  carbonic  acid,  with 
which  the  rain-drop  is  impregnated,  and  also  to 
the  saline  matter,  however  minute,  which  it  holds 
in  solution,  acquired  in  its  descent. 

2ndly,  Of  the  carbonic  acid.  — Small  in  quantity 
as  this  is  in  comparison  with  the  other  ingredients 
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of  the  atmosphere,  it  is,  when  strictly  considered, 
hardly  less  important,  even  confining  the  view 
of  its  use  to  the  support  of  vegetable  existences, 
and  through  them  to  that  of  animals.  This  gas, 
indeed,  with  water,  may  be  held  to  be  the  special 
food  of  plants.  The  green  leaf  possesses  this  re- 
markable property  — that  of  decomposing  carbonic 
acid  under  the  influence  of  light,  retaining  the 
carbon  to  be  assimilated  and  afford  material  to  the 
growth  of  the  plant,  extricating  at  the  same  time 
the  other  element  of  the  acid,  its  oxygen,  which, 
becoming  free,  returns  into  the  atmosphere,  there 
to  perform  its  part.  This  is  applicable  to  the 
whole  of  the  vegetable  kingdom,  and  at  all  times 
whilst  the  sun  is  above  the  horizon,  and  whilst 
vegetation  is  active,  as  denoted  by  the  freshness 
of  leaf.  It  is  easily  illustrated  by  experiment.  If 
you  plunge  under  water  — it  should  be  rain  water 
— any  fresh  green  leaf,  and  expose  it  to  sunshine, 
you  will  presently  see  small  bubbles  of  air  adher- 
ing to  its  surface,  or  rising  from  it;  and  if  you 
make  the  experiment  under  an  inverted  glass 
vessel  full  of  water,  and  collect  the  air  disen- 
gaged, you  will  find  that  it  will  have  the  proper- 
ties of  oxygen.  Farther,  if  you  take  a small 
plant,  and  put  it  under  a bell-glass  or  a tumbler, 
and  supply  it  with  water  containing  carbonic  acid, 
though  it  may  rest  on  an  artificial  soil  of  sulphur, 
or  fine  sand,  or  pounded  glass,  the  plant  will 
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throw  out  leaves  and  increase  in  size  and  in  sub- 
stance. If  you  examine  it,  it  will  be  found  to 
have  gained  weight;  and  if  it  be  analysed,  that 
weight  will  be  proved  to  be  in  part  the  result  of 
the  carbon  added  to  it ; and  if  the  air  in  the  glass 
vessel  be  examined,  it  will  be  found  to  be  enriched 
with  oxygen.  In  all  native  forests,  we  have  the 
most  striking  proof  of  this  power,  inherent  in  the 
leaf,  of  separating  carbon  and  oxygen.  In  the 
trees  of  such  a forest  how  enormous  is  the  quan- 
tity of  carbon  thus  derived  and  accumulated ; and 
clearly  from  the  atmosphere,  inasmuch  as  the 
soil  of  the  forest  is  not  impoverished,  but  is  en- 
riched in  vegetable  and  carbonaceous  matter,  and 
this  in  proportion  to  the  age  and  size  of  the  trees, 
every  leaf  that  falls  occasioning  an  increase. 

The  manner  in  which,  through  the  medium  of 
vegetables,  carbonic  acid  administers  to  the  sup- 
port of  animals,  is  obvious  on  reflection,  inasmuch 
as  without  vegetables  for  food  all  the  different 
races  of  animals  must  perish,  — first,  those  which 
live  entirely  on  vegetables,  and,  last,  those  which 
are  solely  carnivorous,  there  being  no  substitute 
to  support  either  the  one  or  the  other. 

3rdly.  Of  the  oxygen  and  azote.  — Of  these  two 
parts,  the  azote,  which  has  commonly  little  atten- 
tion given  to  it,  is  not  to  be  held  as  a mere 
diluent  of  the  oxygen,  but  is  to  be  viewed  as  an 
important  active  part,  without  which  the  atmo 
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sphere  would  be  inadequate  to  accomplish  all  its 
effects. 

Certain  mixtures  of  earths,  in  which  a little 
potash  is  present,  on  exposure  to  the  atmosphere, 
are  productive  of  nitre,  that  is,  a compound  of 
nitric  acid  and  potash,  — the  nitric  acid  itself — a 
compound  of  azote  and  oxygen,  both  of  them 
derived  from  the  atmosphere. 

A large  number  of  plants  yield  products  con- 
taining azotised  substances.  Such  is  wheat,  in 
which  is  gluten  ; such  are  rice,  Indian  corn,  the 
common  and  the  sweet  potato,  the  pea,  and  bean : 
in  brief,  all  the  kinds  of  grain  that  are  used  for 
food ; the  different  kinds  of  pulse ; the  different 
kinds  of  roots  ; in  which,  in  all,  without  exception, 
gluten  exists,  or  an  analogous  compound.  These, 
too,  either  directly  or  indirectly,  would  appear, 
like  nitre,  to  obtain  the  azote  necessary  to  form 
the  azotised  compounds  alluded  to  from  the 
atmosphere.  And  when  I remind  you  that  it  is 
from  these  azotised  compounds  in  vegetables  that 
animals  feeding  on  them  derive  the  material  of 
their  most  important  organs,  almost  by  a kind  of 
transfer,  with  slight  modifications  in  transitu , you 
will  perceive  how  important  is  the  azote  ingredient 
of  the  atmosphere  in  relation  to  vegetable  and 
animal  organisation. 

The  oxygen  portion  of  the  atmosphere  has  fixed 
the  attention  of  inquirers,  and  deservedly  so;  I 
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will  not  say  on  account  of  its  pre-eminent  import- 
ance in  the  economy  of  nature  — all  the  other 
ingredients  rivalling  it  in  importance — but  for  the 
many  striking  effects  with  which  it  is  associated, 
and  which  may  be  referred  to  it  as  a cause. 

You  have  seen  how  the  flame  of  a burning  body 
is  extinguished  on  the  consumption  of  a certain 
portion  of  the  oxygen  of  the  atmospheric  air  in 
which  the  burning  body  was  immersed.  You  know 
how  essential  the  oxygen  of  the  air  is  to  respira- 
tion, and  respiration  to  animal  life.  If  the  func- 
tion is  arrested  for  the  short  space  of  three  minutes 
in  the  instance  of  man,  whether  by  the  exclusion 
of  oxygen  by  stopping  the  air  passages,  or  by  the 
abstraction  of  the  oxygen  from  the  admixture  with 
azote,  the  result  is  the  same  — death.  No  fer- 
mentation takes  place,  all  other  circumstances 
favouring,  if  oxygen  be  entirely  excluded ; nor 
does  dead  animal  matter  putrefy,  or  vegetable 
matter  decompose,  or  rocks  disintegrate  to  form 
soils,  unless  oxygen  be  present,  however  favourable 
all  other  circumstances  may  be.  It  is  not,  there- 
fore, surprising  that  it  should  be  called  vital  air — 
the  great  supporter  of  combustion  — the  acidifying 
principle,  and  be  considered  the  principle  most 
concerned  in  all  the  ordinary  metamorphoses  of 
matter,  whether  connected  with  decay  or  putre- 
faction, decomposition,  or  disintegration.  Many 
of  these  changes  are  analogous.  In  all  of  them 
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there  is  reason  to  believe  that  heat  is  evolved.  It 
is  remarkably  so  where  either  animal  or  vegetable 
matter  is  concerned.  In  them  this  production  of 
heat  is  connected  with  the  formation  of  car- 
bonic acid  gas.  When  animal  matter  putrefies, 
this  gas  is  disengaged,  and  with  it  more  or  less  of 
ammonia.  The  same  happens  when  vegetable 
matters  decompose  containing  azote.  If  they 
contain  no  azote,  then,  in  fermenting,  they  yield 
little  else  than  carbonic  acid.  This  gas,  too,  re- 
sults from  their  combustion.  It  results  too  from 
the  respiration  of  animals ; and  in  proportion  to 
the  quantity  formed  is  the  degree  of  heat  imparted 
to  the  animal  body ; and  this  without  exception, 
however  the  function  of  respiration  may  be  per- 
formed in  the  different  orders  of  animals,  whether 
by  means  of  lungs,  gills,  tracheae,  or  without  spe- 
cial apparatus  for  the  purpose. 

The  tendency  of  all  these  changes  — of  com- 
bustion, of  animal  respiration,  of  fermentation,  of 
the  decomposition  of  dead  animal  and  vegetable 
matter,  of  the  formation  of  soils  from  rocks, — 
their  general  tendency  is  of  a deteriorating  kind 
as  to  the  atmosphere — to  abstract  its  oxygen,  or 
to  convert  it  into  carbonic  acid. 

The  tendency  of  plants,  through  the  medium 
of  their  green  leaves,  aided  by  the  sun’s  light,  is, 
we  have  seen,  to  decompose  carbonic  acid,  detach 
and  appropriate  its  carbon,  and  liberate  its  oxygen ; 
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exercising  thus  an  influence,  and  producing  an 
effect,  the  opposite  of  the  preceding. 

Thus,  not  only  the  vegetable  performs  the  part 
of  supporting  the  animal,  but  the  animal  performs 
the  same  part  to  the  vegetable ; the  death  of  the 
one  contributing  to  the  life  of  the  other,  and,  at 
the  same  time,  to  the  maintenance  of  a uniform 
condition  of  atmosphere  in  all  climates,  and  in  all 
countries,  such  as  the  economy  of  nature  requires, 
and  assuredly  strongly  demonstrative  of  the  wis- 
dom by  which  this  economy  is  regulated.  And, 
let  me  add,  the  more  narrowly  it  is  looked  into 
and  scrutinised,  the  more  admirable  will  that  eco- 
nomy appear,  in  the  fitness  of  means  to  ends — in 
the  antagonist  and  compensating  powers  concerned 
— in  the  complication  of  causes  and  simplicity  of 
effects  — and  in  the  wonderful  harmony  prevailing  : 
throughout ; a harmony  which  may  be  well  called 
divine,  and  be  held  to  be  demonstrative  of  a ruling 
or  ordering  Power  that  cannot  be  less  than  Divine. 

I have  said,  the  more  searching  is  our  scrutiny  the 
more  we  shall  find  of  this  divine  harmony  and 
order.  May  I adduce  one  or  two  instances  more  ? 
The  light  of  the  sun,  the  sacred  light,  as  of  old 
it  was  well  called,  which  enables  us  to  see,  is  the 
cause  of  all  the  colours  which  impart  beauty  to 
the  earth’s  surface : the  green  of  the  leaf,  the 
verdure  of  the  meadow  and  forest,  the  most  grate- 
ful of  colours,  is  intimately  connected  with  the 
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power  of  the  leaf  to  separate  oxygen  from  carbonic 
acid;  the  means,  we  have  seen,  of  preserving 
the  just  composition  of  the  atmosphere.  The  air 
which  enables  us  to  hear,  put  into  motion  by 
vibrations  communicated  to  it,  is  the  immediate 
cause  of  all  the  sounds  we  perceive,  constituting 
the  wonderful  and  infinitely  varied  language  of 
animated  and  inanimate  nature  : the  same  elastic 
medium  that  receives  and  transmits  the  impulse 
from  the  vocal  organs  of  a singing  bird,  supports 
the  same  bird  in  its  flight,  and  carries  it  with  the 
speed  of  the  wind  in  its  distant  migrations.  More- 
over, the  structure  of  the  bird  and  its  functions 
are  in  like  perfect  accordance  with  the  medium  it 
moves  through  and  its  habits  of  life.  Its  tempe- 
rature is  higher  than  that  of  any  other  race  of 
animals;  and  this  in  consequence  of  its  greater 
consumption  of  oxygen,  — partly  owing  to  the 
manner  in  which  air  permeates  its  frame,  being 
received  even  into  its  bones,  so  rendering  its 
frame  whilst  warmer  also  lighter  and  fitter  for 
flight, — and  partly  owing  to  its  greater  energy  of 
muscle,  occasioning  a more  rapid  circulation  of 
the  blood;  whilst  this  greater  muscular  power 
equally  fits  it  for  vigorous  and  enduring  flights. 
Similar  remarks  apply  to  the  other  inhabitants  of 
the  air.  The  insect,  wrhen  at  rest,  is  cold  ; the 
air  with  which  it  is  penetrated  is  in  a manner 
condensed,  and  its  consumption  trifling  ; but  when 
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it  is  roused  to  exertion  and  takes  wing,  its  respira- 
tion becomes  active,  its  temperature  rises  rapidly, 
so  rendering  the  body  lighter  by  the  expansion  of 
the  air  within  it ; and  at  the  same  time,  it  may  be 
inferred,  owing  to  the  greater  consumption  of  air, 
imparting  increased  muscular  energy,  fitting  it  for, 
and  rendering  it  equal  to,  the  exertion  it  is  then 
making.  Beautiful  as  are  these  demonstrations  of 
wisdom  of  design,  the  like  are  so  numerous,  that 
were  they  to  be  dwelt  on  at  any  length  they 
might  even  satiate  and  fatigue  : — even  in  this  way 
illustrating  the  limited  and  imperfect  nature  of 
our  faculties,  in  comparison  with  that  perfection 
of  wisdom  and  of  power  indicated  in  the  objects 
on  which  they  are  employed. 
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LECTURE  III. 

ON  THE  EARTH. 

The  solid  earth,  like  the  aerial  atmosphere,  is  not, 
as  the  ancients  supposed,  formed  of  one  elementary 
substance,  but  of  very  many  such  substances; 
indeed,  all  the  different  elements  which  chemical 
research,  in  recent  times,  has  made  us  acquainted 
with,  — in  number,  at  present,  sixty-two,  — enter 
into  its  composition. 

When  we  consider  the  nature  of  these  diverse 
elements,  there  is  no  difficulty  in  comprehending 
how  this  should  be. 

Of  these  sixty-two  elements,  or  simple  sub- 
stances, two  only,  viz.  oxygen  and  azote,  occur  in 
nature  uncombined,  and  in  the  state  of  perma- 
nently elastic  fluids ; and  these,  we  have  seen,  are 
the  principal  constituents  of  the  atmosphere. 

Further,  of  the  whole  class  of  simple  substances, 
other  two  only,  viz.  hydrogen  and  chlorine,  are 
gaseous  at  ordinary  temperatures ; but  these  have 
never  been  detected  existing  in  nature  uncom- 
bined. One  of  them,  hydrogen,  most  commonly 
occurs  in  union  with  oxygen,  forming  water ; the 
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other,  chlorine,  most  commonly  combined  with 
the  metal  sodium,  constituting  common  salt : the 
two  main  ingredients  of  the  ocean. 

Farther,  of  the  whole  class  of  simple  substances, 
two  only  are  fluid  at  ordinary  temperatures. 
These  two  are  mercury  and  bromine  ; the  first  of 
which  only  has  been  met  with  uncombined,  and 
then  included  in  solid  rock. 

The  other  elementary  bodies,  amounting  to 
fifty-six,  comprising  one  that  is  doubtful,  are  all 
in  their  natural  state  solid,  that  is,  at  the  ordinary 
temperature  of  the  atmosphere  ; and  even  at  its 
maximum  temperature,  in  the  hottest  regions  at 
the  surface  of  our  globe,  are  incapable  of  becoming 
either  liquid  or  gaseous,  and  consequently  are 
essentially  elements  of  the  earth. 

The  doubtful  elementary  substance  just  alluded 
to,  is  fluorine  ; and  it  is  so  in  consequence  of 
all  the  attempts  hitherto  made  to  insulate  it  having 
been  unsuccessful,  and  that  owing  to  its  extra- 
ordinary disposition  to  combine,  so  that  it  is  no 
sooner  detached  from  one  substance  than  it  unites 
with  another.  It  most  commonly  occurs  in  nature 
combined  with  calcium,  constituting  the  well- 
known  mineral,  fluor  spar. 

Of  all  these  various  ingredients  of  the  earth, 
there  is  this  peculiarity  in  relation  to  them,  and 
which,  perhaps,  might  be  anticipated  a priori , viz. 
that  the  great  majority  of  them  are  in  a state  of 
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combination.  Few,  very  few,  exist  simple  or 
pure.  Most  of  them  are  so  combined  as  to  form 
mineral  species,  of  which  many  hundreds  are  well 
defined  as  distinct  chemical  compounds,  constant 
in  the  proportions  of  their  parts,  and  possessed 
invariably  of  the  same  properties,  and  commonly 
occurring  under  the  same  forms ; and  these  inva- 
riably included  in  straight  lines,  capable  of  being 
measured,  and  as  it  were  geometrical,  and  not  in 
curved  lines,  such  as  we  witness  in  the  greater 
number  of  organised  beings,  whether  of  the  animal 
or  vegetable  kingdom. 

The  few  simple  substances  alluded  to  as  exist- 
ing in  the  earth,  that  is,  in  its  crust,  for  of  its 
interior  we  are  altogether  ignorant,  may  be  com- 
prised in  two  which  are  inflammable,  and  in  five 
that  are  metallic.  Carbon  or  the  diamond,  and 
sulphur  are  the  inflammable  substances ; gold, 
platinum,  silver,  mercury,  and  copper  are  the 
metals,  omitting  three  or  four  alloys  of  other 
metals  of  rare  occurrence,  and,  excepting  in  their 
scientific  relations,  of  little  importance  or  interest. 

That  there  should  be  so  few  bodies  found  un- 
combined is  not  surprising.  And  yet  the  circum- 
stance, the  fact  of  their  paucity,  is  well  deserving 
of  consideration.  How,  it  may  be  asked,  is  it, 
that  these  substances  having  an  attraction  for,  a 
disposition  to  unite  with  others,  have  not  so 
united,  have  remained  apart,  as  if  under  the  im- 
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pulse  of  repulsion,  in  the  midst  of  elements  we 
know  they  are  capable  of  combining  with?  Take, 
for  instance,  the  metal  copper  ; it  is  not  uncommon 
to  find  in  the  same  vein,  close  together,  this  metal 
in  union  with  sulphur,  either  alone  or  with  iron ; 
in  union  with  oxygen  ; and  also  free  or  uncom- 
bined. Now,  it  can  hardly  be  supposed  that  so 
common  an  element  as  oxygen  could  have  been 
deficient.  The  presence,  then,  of  the  uncombined 
copper,  in  the  supposed  instance,  seems  to  denote 
that  powers  have  been,  and  may  still  be,  in  opera- 
tion in  nature,  capable  of  overcoming  chemical 
attraction ; and  that  the  existence  of  the  sub- 
stances, few  in  number,  specified,  uncombined, 
surrounded  by  mineral  compounds,  is  owing  to  the 
interference  of  such  powers,  and  a proof  of  their 
having  operated. 

Of  the  large  number  of  mineral  species  which 
constitute  the  chief  portion  of  the  crust  of  the 
globe,  some  are  binary  compounds  of  two  elements : 
such  is  silica,  which  is  so  abundant;  such  is 
alumine,  which  is  also  abundant ; such  is  oxide 
of  iron,  which  is  almost  everywhere  diffused ; and 
such  are  the  metallic  oxides  generally,  and  the 
.chlorides  generally,  and  all  the  compounds  known 
of  the  metals  and  sulphur.  Others  are  binary 
compounds  of  binary  compounds,  and,  con- 
sequently, containing  four  elements.  Limestone 
and  marble,  so  abundant  on  the  earth,  are  ex- 
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amples  of  this  composition,  consisting,  as  they 
do,  of  lime  and  carbonic  acid : lime,  a compound 
of  the  metal  calcium  and  oxygen  ; carbonic  acid, 
a compound  of  carbon  and  oxygen.  Gypsum  is 
another  example,  it  being  composed  in  its  anhy- 
drous state  of  lime  and  sulphuric  acid,  and  this 
acid,  as  you  are  probably  aware,  consisting  of 
sulphur  and  oxygen.  Others,  again,  are  still 
more  compounded,  containing  more  than  four 
elements ; but  whether  combined  according  to 
the  binary  rule,  if  I may  use  the  expression,  or 
in  a different  manner,  has  hardly  yet  been  de- 
termined. These  very  compounded  bodies  con- 
stitute an  important  order  of  minerals,  such  as 
felspar,  mica,  hornblende,  and  others,  into  the 
composition  of  which  commonly  lime,  magnesia, 
alumine,  and  silica  enter,  and  also  an  alkali. 
These  minerals  are  generally  found  to  occur  in  a 
crystalline  state,  and  often  mixed  together,  form- 
ing compound  crystalline  rocks,  such  as  granite, 
porphyry,  serpentine,  basalt.  Considering  these 
compound  minerals,  the  same  question  may  be 
asked  as  the  preceding,  — How  is  it  that  simple 
binary  combinations  of  elements  exist,  such  as 
silica  and  alumine,  surrounded  by  other  bodies 
with  which  there  is  a natural  tendency  for  them 
to  combine  and  form  the  complex  binary  com- 
;on  pounds  ? The  answer,  I believe,  to  this  question, 
must  be  like  that  before  given,  viz.  that  the 
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occurrence  is  owing  to,  and  is  proof  of,  an  in- 
terfering power,  the  antagonist  of  chemical 
attraction. 

Transferring  our  attention  from  the  constituent 
elements  of  the  solid  crust  of  our  globe  to  this 
crust  itself,  on  examining  it,  we  are  not  only- 
struck  with  its  irregularities  of  surface  — here 
rising  into  mountains,  there  sinking  into  valleys, 
or  extended  widely  into  plains  — but  we  are  also 
impressed  with  the  great  variety’  that  is  displayed 
in  the  structure  of  those  of  which  there  are  na- 
tural sections,  as  in  sea  and  inland  cliffs  and  pre- 
cipices, or  cuttings  made  by  art,  such  as  occur  in 
quarries  and  mines.  In  some  countries,  in  such 
situations,  we  find  a uniform  crystalline  rock, 
w’ithout  any  traces  of  organic  remains,  and  with- 
out any  distinct  appearance  of  stratification. 
Near  it  we  may  observe  another  kind  of  rock, 
less  distinctly  crystalline,  of  a foliated  texture, 
bearing  some  marks  of  stratification,  but  without 
any  vestiges  of  the  remains  of  animals.  Near 
this  we  may  meet  with  a rock  very  different  from 
either  of  the  preceding,  being  not  crystalline  in 
its  structure,  composed  of  layers  or  successive 
strata,  and  these  commonly  highly  inclined, 
rarely  containing  any  visible  organic  remains,  but 
if  closely  inspected  found  to  consist  of  particles 
or  minute  fragments,  of  such  a kind  as  to  denote 
that  they  have  been  derived  from  other  rocks. 
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In  certain  of  these  rocks,  when  explored,  veins 
are  found  to  occur  rich  in  metallic  ores.  In  some 
of  them,  disseminated  through  their  substance, 
widely  scattered,  may  be  detected,  on  diligent 
search,  the  Oriental  gems — the  sapphire,  the 
ruby,  the  topaz;  and,  in  some,  native  metals, 
especially  gold.  Whilst  in  others  are  found  beds 
of  anthracite,  or  native  coke ; and  more  rarely 
plumbago,  the  latter  in  veins  or  scattered 
particles. 

Extending  our  inquiry  to  other  countries,  we 
find  many  varieties  of  rock,  varying  not  only  in 
their  physical  qualities,  but  also  in  the  nature  of 
their  chemical  elements : some  consisting  chiefly 
of  siliceous  matter,  in  the  form  of  sandstone ; 
some  chiefly  of  calcareous  matter,  in  the  form  of 
chalk,  limestone,  and  freestone ; some  chiefly  of 
aluminous  matter,  in  the  form  of  shale  and  va- 
rieties of  slate.  Various  as  these  are  and  dif- 
fering, there  are  certain  circumstances  common 
to  all  of  them : thus  they  are  not  crystalline  in 
their  texture  ; they  are  regularly  stratified,  their 
strata  generally  little  inclined,  and  they  contain 
organic  remains.  These  remains  are  deserving 
of  particular  attention,  differing  as  they  do  in 
their  species,  according  to  the  kind  of  rock  in 
which  they  occur.  In  rock  of  one  kind  they 
consist  chiefly  of  extinct  species ; that  is,  of 
species  of  animals  not  known  at  present  to  be  in 
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existence  alive,  and  of  which,  were  it  not  for 
their  reliquia , we  should  be  entirely  ignorant. 
In  rock  of  another  kind,  the  remains  are  prin- 
cipally of  extinct  species.  In  a third  kind  of  rock, 
a mixture  is  found  of  extinct  and  existing  species; 
whilst  in  a fourth  the  remains  which  are  met 
with  are  almost  entirely,  if  not  altogether,  of 
species  now  known  to  be  living.  Associated 
with  some  of  these  rocks  are  often  beds  of  coal 
and  clay-iron  ore ; and  in  the  former  are  com- 
monly found  impressions  of  plants,  indicative  of 
the  vegetable  origin  of  coal.  And  this  coal,  it 
is  worthy  of  remark,  is  commonly  bituminous, 
burning  with  flame,  and  greatly  different  from 
the  anthracite  coal  before  mentioned,  hardly  less 
than  it  differs  from  the  diamond,  the  most 
beautiful  and  the  hardest  of  minerals. 

Extending  our  inquiries  farther  and  to  other 
countries,  we  shall  see  vast  plains  totally  destitute 
of  rock,  bordering  on  the  sea  and  little  raised 
above  its  level.  If  rivers  flow  through  them 
with  deep  beds  and  steep  banks,  as  commonly 
happens,  affording  an  opportunity  to  become  ac- 
quainted with  the  nature  of  the  ground,  we  shall 
find  that  that  of  which  these  countries  consist  is 
composed  chiefly  of  clays  and  sand,  in  which  are 
often  found  buried  portions  of  trees  or  deposits 
of  vegetable  matter,  of  a peaty  carbonaceous 
quality,  little  different  from  coal  such  as  lignite. 
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and  in  which  are  also  occasionally  discovered, 
similarly  interred  and  preserved,  the  skeletons  of 
the  larger  animals,  — animals  no  longer  to  be  met 
with  excepting  in  distant  regions,  or  lost  alto- 
gether as  living  species. 

It  is  very  worthy  of  notice,  and  of  being  kept 
in  mind,  that  neither  in  the  situation  last  men- 
tioned, nor  in  any  of  the  preceding,  where  organic 
remains  have  been  observed,  have  any  vestiges 
yet  been  detected  of  the  remains  of  man,  excluding 
certain  exceptional  spots,  in  which  their  occur- 
rence, there  is  ground  for  belief,  may  be  easily 
explained  on  the  supposition  of  their  being  of 
comparatively  recent  date  and  of  historic  periods. 

Further  extending  our  observations,  we  shall 
perceive  common  to  all  countries  of  which  men- 
tion has  been  made,  that  is,  where  naked  rock 
does  not  arise  to  the  surface,  a superficial  layer 
or  bed  of  matter  of  a peculiar  kind,  so  well 
known  as  soil,  the  support  of  the  vegetable  king- 
dom, and  so  important  to  us  in  consequence ; and 
which  is  formed  generally  of  very  mixed  ingre- 
dients, in  a comminuted  state,  chiefly  mineral, 
variously  derived,  but  never,  when  fertile,  entirely 
destitute  of  animal  and  more  especially  of  vegetable 
matter,  either  decomposed  or  decomposing. 

The  several  kinds  of  rock  and  of  rocky  matter 
which  I have  thus  brought  to  your  notice  as 
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offering  themselves  to  view  in  different  countries, 
may  occur  in  the  same  country,  and  in  a small 
district  of  country,  if  it  be  of  a mountainous 
character.  The  summits  of  the  mountains  may 
consist  of  crystalline  rock,  or  of  rock  of  an  ob- 
scurely crystalline  structure,  having  incumbent  on 
their  sides  slaty  rocks  highly  inclined ; and  lower 
down,  also  incumbent  on  them,  stratified  rocks, 
containing  organic  remains,  the  strata  of  which 
are  either  less  inclined  than  the  preceding,  or 
quite  horizontal ; and  lower  still,  constituting  the 
bed  of  the  mountain  valley,  deposits  of  clay  and 
sand.  Instances  of  the  kind  are  not  uncommon. 
Nor  are  instances  of  a contrary  kind  uncommon, 
especially  as  witnessed  in  islands  far  apart  in  the 
ocean.  One  island  may  be  formed  entirely  of 
crystalline  rock ; another  of  that  which  is  obscurely 
crystalline ; and  a third  and  fourth  of  stratified 
rocks,  either  with  or  without  organic  remains. 
Why,  it  may  be  asked,  is  there  such  variety,  such 
order,  and  at  the  same  time  such  apparent  want 
of  order,  such  irregularities  of  surface,  mountains, 
for  example,  more  than  20,000  feet  above  the  level 
of  the  sea,  depressions  greatly  below  its  level, 
such  as  is  the  valley  of  the  Dead  Sea  in  Palestine, 
which  has  been  found  to  be  more  than  1000  feet 
below  the  shores  of  the  Mediterranean  ? And, 
further,  why  should  there  be  those  differences  of 
structure  in  the  mountain  masses,  such  variety  in 
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the  inclination  of  the  strata,  and  lastly,  such  di- 
versity in  the  organic  remains  which  they  contain  ? 

The  answer  to  this  questioning,  as  to  the 
former  is,  expressing  it  most  generally,  that  the 
circumstances  naturally  giving  rise  to  it  may  be 
considered  as  indications  and  proofs  of  disturbing 
causes,  variously  acting,  to  which  our  globe  has 
been  subjected,  and  to  which  all  the  phenomena 
requiring  explanation  are  to  be  referred. 

We  speak  of  the  earth  as  formed  of  dead,  im- 
passive matter,  as  it  truly  is  ; of  solid  matter,  as 
it  also  truly  is ; and  we  commonly  associate  with 
these  attributes  the  idea  of  its  parts  being  motion- 
less and  unalterable,  and  are  disposed  to  consider 
it  as  in  a great  measure  exempt  from  change  and 
unexposed  to  influences  productive  of  change, 
which  is  far  from  being  true. 

The  figure  of  the  earth,  as  determined  by  geo- 
metrical measurement,  is  that  of  an  oblate  spheroid, 
that  is,  a globe  flattened  at  its  poles  and  swelling 
out  at  the  equator;  the  exact  form,  it  would 
appear,  that  a liquid  mass  of  matter  must  acquire, 
situated  as  our  planet  is  in  relation  to  the  other 
heavenly  bodies,  and  revolving  as  it  does. 

It  would  further  appear,  from  carefully  insti- 
tuted trials  on  the  force  of  attraction,  that  the 
mean  specific  gravity  of  its  mass  is  five  times  as 
great  as  that  of  water. 

And,  further,  from  various  thermometrical  ob- 
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servations  made  in  mines  of  different  depths,  that 
the  temperature  of  the  earth  increases  with  the 
depth  from  its  surface  ; and  at  such  a rate,  that  at 
comparatively  no  great  profundity  its  substance 
must  be  red  hot,  and  the  materials  constituting  it 
probably  in  a liquid  state  from  igneous  fusion. 

These  facts,  theoretically  considered,  are  im- 
portant data. 

In  the  internal  or  subterraneous  heat  there 
exists  a powerful  cause  of  change.  Hot  springs, 
of  so  common  occurrence  that  few  districts  are 
without  them  ; volcanoes,  either  extinct  or  at  pre- 
sent in  operation,  of  which  few  countries  of  any 
considerable  extent  are  destitute,  afford  ample 
confirmation  that  this  cause  has  widely  acted,  and 
is  still  exerting  its  influence. 

If  we  examine  the  products  of  volcanoes,  we  i 
find  amongst  them  lavas  which  have  been  ejected 
liquid,  and  which  in  cooling  slowly  have  acquired 
a crystalline  structure,  not  unlike  the  class  of 
crystalline  rocks  generally,  and  of  necessity  re- 
sembling them  in  being  destitute  of  organic  re- 
mains. 

This  resemblance,  with  other  considerations,  in 
which  the  data  just  referred  to  are  included,  has 
led  to  the  idea  or  hypothesis,  that  all  crystalline 
rocks  are  of  igneous  origin  ; that  the  materials  of 
them  were  once  in  a state  of  fusion ; that  their 
liquid  mass  has  been  ejected  by  some  great  force 
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in  operation  beneath  the  crust  of  the  earth, — a 
force  such  as  steam  might  exert  under  immense 
pressure  and  intense  temperature ; that  in  the  act 
of  being  raised  by  this  force,  the  incumbent  strati- 
fied rocks  have  been  ruptured  and  elevated,  raised 
from  their  natural  horizontal  position ; and  that 
in  slow  cooling,  the  protruded  or  ejected  mass  has 
acquired  its  characteristic  crystalline  structure. 
And  phenomena  or  appearances  so  generally 
accord  with  this  idea  or  hypothesis,  that  it  is  now 
very  commonly  received  by  those  inquirers  who 
have  specially  directed  their  attention  to  the 
subject. 

When  a crystalline  rock  is  exposed  unpro- 
tected to  the  atmosphere,  it  commonly  absorbs 
oxygen,  and  disintegrates  or  crumbles  into  powder, 
a certain  portion  of  it  being  decomposed,  pro- 
ductive of  fine  clay,  whilst  another  portion, 
crystals  or  grains,  which  resist  change,  fall  out, 
having  lost  their  cement  as  it  were,  and  mingle 
with  the  clay. 

Water  constantly  dropping  on  a rock  gradually 
wears  it  away,  however  hard  the  rock  may  be ; 
and  if  the  water  act  chemically  on  it  exercising 
a solvent  power,  as  well  as  mechanically  exerting 
one  of  attrition,  the  effect  is  so  much  the  more  rapid. 

Exposed  thus  to  the  action  of  the  atmosphere 
and  of  rain,  and  in  high  latitudes  or  at  great  ele- 
vations to  the  rending  power  of  water  in  the  act  of 
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freezing,  rocks  disintegrate  and  decompose.  Their 
loose  detritus  is  washed  from  the  mountains  and 
hills  into  the  valleys  and  plains,  and  may  from 
thence  be  conveyed  by  streams  and  rivers  into 
the  sea,  and  there  be  spread  abroad,  or  even  car- 
ried to  great  distances  by  the  force  of  currents, 
till  it  finds  a place  of  rest  in  the  depths  of  the 
ocean. 

Volcanoes  eject,  not  only  liquid  lava,  but  also 
fine  ashes  and  scoriae  ; these  falling  from  the  atmo- 
sphere, often  form  islands  and  districts  of  country, 
composed  of  tufas  resembling  sandstones,  stratified 
in  their  structure,  either  horizontal  in  their  posi- 
tion or  inclined,  according  to  circumstances.  The 
finer  volcanic  ashes  may  be  spread  widely  by  the 
wind,  and  subside  on  the  sea,  where  sinking  they 
may  form  other  strata,  and  even  be  mixed  with 
materials  derived  from  the  land  ; or  even  finally 
become  interposed  amongst  strata  so  derived. 

In  this  manner  it  is  inferred,  that  the  various 
stratified  rocks  may  have  been  formed,  and  depo- 
sits of  clay  and  sand  produced  ; and  the  former, 
whether  containing  organic  remains  or  destitute  of 
them  : the  kind  of  remains,  or  their  total  absence, 
denoting,  in  a certain  manner,  the  epoch  in  the 
earth’s  history  to  which  their  origin  belongs.  Thus, 
if  destitute  of  organic  remains,  pointing  to  a 
period  of  formation  anterior  to  the  existence  of 
organic  life  ; if  containing  such  remains,  marking 
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a period  more  or  less  ancient,  according  to  the 
species  disclosed ; if  chiefly  of  extinct  species, 
denoting  a very  early  period  ; if  entirely  of  exist- 
ing species,  then,  on  the  contrary,  a very  recent 
period. 

Besides  the  causes  specified,  viz.  subterraneous 
heat  acting  from  beneath  the  surface  or  crust  of 
the  earth,  and  atmospheric  air  and  water  taking 
effect  above,  there  are  others  which  may  co- 
operate and  produce  certain  results  not  insignifi- 
cant in  the  history  of  change  of  our  globe. 

The  atmosphere,  when  free  from  mist  and 
clouds,  in  its  perfectly  transparent  state,  offers 
but  little  impediment  to  the  passage  of  the  sun’s 
rays,  and  they  consequently  have  on  it  no  con- 
siderable heating  effect ; where  they  strike  on  the 
earth’s  surface,  there  this  effect  is  chiefly  pro- 
duced, and  in  degree  according  to  the  quality  of 
the  surface. 

If  a mixture  of  two  gases,  chlorine  and  hydro- 
gen, in  equal  volumes,  be  exposed  to  the  sun’s  rays, 
under  an  impulse  received  from  them,  they  unite 
rapidly,  so  as  even  to  produce  inflammation,  and 
an  acid  gas,  the  muriatic,  results.  Various  other 
changes  might  be  mentioned,  some  of  them  of 
union,  others  of  them  of  the  separation  of  ele- 
ments, or  of  composition  and  decomposition,  from 
the  influence  of  this  agent. 

If  electrical  shocks  are  passed  through  a con- 
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fined  portion  of  atmospheric  air,  and  if,  after  a 
large  number  have  been  transmitted,  the  air  be 
examined,  traces  of  an  acid  will  be  detected  in  it, 
a little  nitric  acid  having  been  formed,  the  elec- 
trical  influence  having  produced  the  union  of  some 
of  the  oxygen  and  azote  in  the  proportions  neces- 
sary to  give  rise  to  this  acid. 

If  a weak  metallic  solution  be  exposed  to  a 
feeble  current  of  voltaic  electricity,  and  it  be  long 
continued,  after  the  lapse  of  a certain  time  crystals 
will  be  observed  to  be  formed,  varying  in  their 
kind  according  to  the  quality  of  metallic  solution 
employed,  and  often  closely  resembling  native 
crystalline  minerals,  especially  such  as  occur  in 
metalliferous  veins. 

If  transparent  glass  be  long  exposed  to  a mode- 
rate degree  of  heat,  an  annealing  temperature, 
greatly  below  its  fusing  point,  from  being  ex- 
cessively brittle  and  liable  to  break,  as  it  is  when 
cooled  rapidly,  it  loses  that  degree  of  brittleness 
and  tendency  to  break,  and  is  so  rendered  fit  for 
ordinary  use,  still  retaining  its  transparency. 

If  it  be  longer  exposed  to  the  same  tempera- 
ture, and  for  a very  long  time,  its  structure  be- 
comes altered  without  its  composition  being 
changed;  it  acquires  an  obscure  crystalline  tex- 
ture, ceases  to  be  transparent,  and  is  compara- 
tively broken  with  difficulty. 

These  facts  I mention,  to  show  that  the  impon- 
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derable  or  ethereal  agents,  heat,  light,  and  elec- 
tricity, are  not  inoperative ; and  that  even  when 
of  ordinary  intensity,  they  are  capable  of  pro- 
ducing many  and  various  effects,  some  of  which 
may  be  constantly  taking  place  under  their  in- 
fluence, in  the  atmosphere,  at  the  surface  of  the 
earth,  and  beneath  its  surface.  A long  continued 
temperature,  of  moderate  degree,  may  conduce  to 
give  a crystalline  arrangement  to  the  particles  of 
certain  rocks.  Electricity  acting  in  feeble  cur- 
rents in  metallic  veins,  may  tend  to  the  production 
of  crystalline  minerals  and  of  native  metals  in 
those  situations.  The  same  power  may  promote 
the  formation  of  nitric  acid  in  the  atmosphere  ; and 
the  acid  so  formed  may  contribute  to  the  produc- 
tion of  nitrous  salts  in  the  earth.  And,  lastly, 
if  I may  say  lastly,  the  sun’s  rays  acting  on  the 
surfaces  of  rocks,  exposed  as  well  to  the  air,  may 
promote  their  decomposition  by  effecting,  with  the 
aid  of  oxygen  and  moisture,  the  production  of 
new  combinations  such  as  are  favourable  to  fertility 
in  the  resulting  soil. 

In  the  preceding  lecture  on  the  atmosphere,  I 
brought  under  your  notice  the  antagonist  and 
compensating  or  correcting  influences  of  animal 
and  vegetable  life  in  preserving  its  uniformity  of 
composition.  In  the  earth  we  witness  influences 
of  the  like  kind,  as  it  were  opposed  to  each  other, 
and  producing  opposite  effects.  Water,  in  its 
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operation,  aided  by  air,  may  be  considered  as 
destructive,  wearing  away  rocks  and  mountains, 
and  carrying  their  comminuted  parts  to  lower 
levels,  and  even  into  the  sea,  to  be  buried  in  its 
depths.  Fire  may  be  considered  as  restorative ; 
acting  below  the  surface,  it  melts  and  also  con- 
solidates according  to  its  degree  of  intensity, 
tending  to  reproduce  crystalline  rocks  in  one  in- 
stance, and  stratified  in  the  other.  Even  when  it 
appears  most  eminently  to  act  according  to  our 
ordinary  notions  of  its  operation  as  a devastating 
and  destroying  agent,  for  example,  in  the  erup- 
tion of  a volcano,  the  ashes  which  are  discharged 
into  the  atmosphere  and  are  widely  scattered  by  the 
winds,  even  when  they  fall  on  the  adjoining  coun- 
tries, may  help  to  supply  the  place  of  the  old 
surface-materials  carried  away  by  streams  and 
floods,  and  to  renovate  the  soil  with  new  elements 
of  fertility.  And  acting  in  another  form  and 
manner,  the  same  power  which  occasions  volcanic 
eruptions  appears  to  be  productive  of  another 
effect,  viz.  the  gradual  elevation  of  the  bed  of  the 
sea,  tending  to  the  formation  of  new  land,  of 
which  we  seem  to  have  examples  in  the  extension 
of  certain  coasts,  and  the  appearance  of  rocks  and 
dry  land  above  the  waves,  preceded  by  a gradual 
diminution  of  the  water  over  the  spots  where 
these  remarkable  phenomena  occur. 

Of  most  of  the  geological  changes  alluded  to  in 
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the  preceding  remarks,  the  West  Indies  afford 
well  marked  instances. 

From  the  continent  of  America  are  to  be  seen 
vast  rivers  flowing  into  the  sea,  turbid  with  the 
detritus  of  the  country  through  which  they  have 
descended  in  a course  of  thousands  of  miles,  and 
discolouring  and  freshening  the  waters  with  which 
they  mix  at  an  extraordinary  distance  from  land. 
Between  their  mouths  on  the  coasts  and  their  rapids 
on  the  boundary  hills  of  the  interior,  immense  level, 
or  almost  level,  tracts  occur ; marsh,  morass,  and 
sand  bank,  neither  land  nor  water,  covered  chiefly 
with  aquatic  plants ; tracts  formed  by  deposits 
from  the  great  rivers,  and  commonly  of  materials 
somewhat  coarser  and  heavier  than  those  which 
are  longer  suspended,  and  are  carried  out  into  the 
sea  in  consequence  of  their  greater  fineness. 

In  many  of  the  islands,  not  only  are  there  rocks 
to  be  seen  evidently  of  volcanic  origin  — columnar 
basalt,  trachite,  and  many  varieties  of  tufa — but 
also  craters  from  whence  eruptions  have  taken 
place,  and  in  which  the  fires  are  hardly  yet  extinct 
that  once  acted,  as  is  indicated  by  the  hot  steams 
and  exhalations  still  proceeding  from  them. 

Moreover,  in  some  of  these  islands,  rocks  of 
volcanic  origin,  crystalline  in  their  structure,  and 
totally  destitute  of  organic  remains,  are  associated 
with  others  of  a perfectly  different  character,  stra- 
tified and  abounding  in  organic  remains,  various 
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species  of  sea  shells,  and  of  coral ; and  it  is  worthy 
of  notice,  that  in  one  of  the  instances  in  which  the 
appearance  is  best  observed,  viz.  at  Brimstone 
Hill,  in  St.  Christopher,  the  volcanic  rock  is 
flanked  by  the  stratified  rock,  and  the  latter  — an 
aggregate  of  shells,  coral,  and  calcareous  marl, 
has  its  strata  highly  inclined,  tilted  up  as  it  were 
by  the  former. 

Other  islands  or  parts  of  islands  occur,  in 
which  there  are  only  partial  volcanic  traces,  and 
these  not  so  much  of  volcanic  action  and  dis- 
turbance on  the  spot,  as  of  materials,  such  as 
ashes,  thrown  up  by  volcanoes,  and  those  distant 
ones.  This  island,  Barbados,  is  an  example. 
Composed  in  great  part  of  a calcareous  aggregate 
in  which  organic  remains  abound,  it  has  very 
much  the  character  in  its  peculiar  features  of 
having  been  raised  from  the  bed  of  the  ocean, 
(where  it  is  certain  it  was  formed)  by  some  mighty 
force,  slowly  acting,  and  which  it  is  probable  is 
acting  still. 

Nor  is  there  wanting  in  these  seas  instances  of 
islands  in  which  almost  every  variety  of  formation 
is  exemplified.  Barbados,  in  its  smaller  portion, 
the  Scotland  district,  exhibits  some  interesting 
varieties,  such  as  beds  of  chalk  abounding  in  the 
remains  of  microscopic  animalcules,  strata  of  sand- 
stone, some  siliceous,  some  calcareous;  the  one 
without  organic  remains,  containing,  however,  de- 
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posits  of  coal  and  bitumen  ; the  other — the  latter, 
having  included  in  them  organic  remains,  and  of  a 
kind  to  connect  them  with  the  calcareous  rock  of 
which  the  larger  portion  of  the  island  is  formed,  for 
instance,  the  spines  of  echini  and  the  teeth  of  squali. 
The  larger  islands,  Trinidad  and  Jamaica,  Port 
Rico  and  Cuba,  yield  examples,  I believe,  still 
more  in  point.  In  Trinidad,  I am  not  aware 
that  any  volcano,  or  crater  of  one,  has  been  dis- 
covered, or  any  rocks  evidently  volcanic  in  their 
origin ; but,  from  the  imperfectly  crystalline 
rocks,  destitute  of  organic  remains  and  distinct 
stratification,  to  clays  and  marls,  to  mud  erup- 
tions or  volcanoes  as  they  are  sometimes  called, 
through  limestones  and  sandstones  stratified  and 
containing  organic  remains,  a tolerably  well 
marked  series,  would  appear  to  exist.  In  the 
adjoining  and  smaller  island  Tobago,  some  of 
the  same  series  are  observable ; but  in  a broken 
manner,  not  a little  interesting  and  instructive. 
There  highly  crystalline  rocks,  destitute  of  or- 
ganic remains,  are  in  juxtaposition  with  others 
abounding  in  these  remains  ; coral  rock  is  even 
found  resting  on  granite ; and  in  another  situation 
the  latter  rock  is  contiguous  to  mica  slate,  in 
which  quartz  in  mass  is  not  of  rare  occurrence. 

In  considering  the  composition  of  the  atmo- 
sphere, we  have  seen  how  admirably  it  is  fitted 
for  the  uses  to  which  it  is  subservient  in  the 
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great  scheme  of  Nature’s  economy  ; and  especially 
in  relation  to  life,  vegetable  and  animal.  What 
is  to  be  witnessed  on  the  earth  is  not  less  demon- 
strative of  the  same  fitness,  and  which,  if  time 
permitted,  might  be  traced  through  various  de- 
tails. I shall  allude  only  to  a few  circumstances 
in  illustration. 

Without  a soil,  and  that  formed  from  the  dis- 
integration of  rocks,  either  near  or  remote,  ve- 
getables could  not  exist,  nor  consequently  ani- 
mals. * 

Without  irregularities  of  the  earth’s  surface, 
there  would  be  no  springs,  no  rivers,  nor  lakes ; 
no  water  not  salt  or  brackish ; no  land  that  we 
can  imagine  fit  for  animal  life,  except  of  a very  1 1 
low  order,  and  least  of  all  fit  for  man. 

Instead  of  the  varieties  of  rocks  which  we  now 
have,  with  deposits  in  beds  included  in  them,  of  coal, 
salt,  iron  ore,  and  most  of  the  ores  affording  use- 
ful metals  in  veins ; were  they,  I say,  instead  of 
being  thus  separated,  confusedly  mingled  together, 
of  what  advantages  would  not  man  be  deprived  ! 

If  he  could  exist  at  all,  it  would  be  in  a most 
barbarous  state,  — much  in  the  condition  of  the 
rudest  tribes  of  whom  we  possess  any  knowledge. 

Constituted  as  soils  are  at  present,  they  yield 
to  plants  all  the  inorganic  elements  which  are  re- 
quired for  their  support ; and  by  transfer  in  food, 
for  the  support  of  animals.  Hence  the  phosphate 
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of  lime  is  obtained,  which  performs  so  important 
a use  in  the  animal  frame ; hence,  either  directly 
or  indirectly,  the  carbonate  of  lime  which  supplies 
the  place  of  the  phosphate  in  many  of  the  inferior 
orders  of  animals ; and  hence,  too,  that  of  silica, 
which  enters  into  the  composition  of  the  frame- 
work of  so  many  plants. 

There  are  certain  metallic  substances  which  are 
poisonous  to  animals;  and  sooner  or  later,  if  taken 
into  the  system,  are  destructive  of  life,  or  highly 
injurious ; such  are,  especially,  arsenic,  lead,  and 
mercury  in  particular  combinations.  I am  not 
aware  of  any  natural  spring  that  has  yet  been  dis- 
covered, the  water  of  which  is  contaminated  with 
any  one  of  these  poisonous  compounds ; or  that 
any  harm  is  known  to  have  been  produced  by 
them,  excepting  when  taken  accidentally,  or  given 
intentionally  with  evil  design.  It  appears  to  have 
been  wisely  ordered,  that  as  they  exist  in  the 
earth,  they  should  be  shut  up  and  hid  in  deep 
veins;  and  commonly  so  combined  as  to  be  in- 
soluble and  innocuous. 

There  are  certain  other  compounds,  chiefly 
saline,  which  have  a beneficial  effect  if  judiciously 
taken,  in  correcting  deranged  states  of  the  system. 
These  which  have  thus  medicinal  virtues  are  often 
found  in  a state  of  solution  in  springs,  and  of  that 
degree  of  strength,  and  often  of  temperature,  as  to 
be  immediately  fit  for  use,  — either  to-  be  taken 
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internally,  or  to  be  employed  externally  in  tbe 
way  of  bath  or  douche.  This  surely  is  a happy 
provision  of  Nature  for  administering  to  the  re- 
lief of  ailments  to  which  the  body  is  subject ! 

I shall  mention  one  instance  more  of  apparent 
design  in  the  situation  in  which  a saline  matter  is 
found  chiefly  to  occur.  I allude  to  nitre  — a 
substance  so  important  in  various  relations.  It 
is  useful  as  a manure ; and  it  forms  spontaneously 
in  certain  soils.  It  is  useful  in  hot  climates  for  the 
cooling  of  drinks, — an  effect  it  produces  when  dis- 
solving in  water,  in  passing  from  the  solid  into  the 
liquid  state ; and  it  is  met  with  in  the  greatest 
abundance,  comparatively,  in  the  surface-soils  of 
the  hot  plains  of  Bengal.  I need  hardly  advert  to 
its  other  uses,  — as  in  the  preparation  of  aqua 
fortis,  and  of  gunpowder  — both  of  them  now 
most  important  agents  in  the  arts,  to  say  nothing 
of  the  latter  as  the  material  of  war.  How 
wisely  it  seems  arranged  that  this  salt  should  be 
found  under  the  circumstances  mentioned;  and 
that  the  extraction  of  it  from  the  soil  should  re- 
quire some  art  and  industry,  and  the  preparation 
from  it  of  powerful  and  destructive  compounds 
still  more  labour  and  skill ! 

In  the  works  of  creation  there  is  always  design 
and  order  — if  I may  be  permitted  the  expression 
— so  varied  and  great  as  almost  to  exceed  com- 
prehension : and  this , combined  with  such  arrange- 
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ment  of  the  several  parts,  as  to  be  eminently 
beautiful,  — so  as  to  make  an  agreeable  impression 
on  the  senses,  so  to  speak,  before  affecting  with 
delight  the  reflecting  mind.  How  remarkable  is 
this  on  the  earth ! The  mountain  that  cools  the 
air  and  condenses  the  vapour,  sending  down  re- 
freshing streams  to  the  valley  and  plain,  is  a sub- 
lime object  in  the  landscape.  Every  hill,  every 
rock,  which  has  a similar  beneficial  effect,  in  a 
minor  degree,  varies  and  imparts  beauty  to  the 
scene.  Farther,  in  accordance,  seemingly,  with 
this  plan  of  usefulness  and  beauty  combined,  it 
may  be  remarked,  that  every  well  directed  effort 
of  man  by  his  labour  and  skill  to  improve  cultiva- 
tion and  extend  fertility,  whether  by  the  planting 
of  a fruit  or  a timber  tree,  or  the  reclaiming  a spot 
of  barren  land,  seems  not  only  to  add  a charm  to 
the  country,  and  an  attraction,  but  to  improve 
also  and  render  more  wholesome  the  air  and  the 
climate. 

It  has  been  supposed  by  some  individuals  that 
geological  studies — the  study  of  the  natural  history 
of  this  our  earth  — has  a tendency  to  lead  to  re- 
ligious doubt  and  infidelity  : the  opinion  I hope 
and  believe  is  not  well  founded.  I shall  not  enter 
into  a laboured  defence  of  these  pursuits,  believing 
it  to  be  quite  unnecessary,  especially  after  the  senti- 
ments I have  expressed  in  the  introductory  lecture? 
of  the  tendency  of  scientific  inquiry  to  excite  not 
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only  a love  of  truth,  but  also  to  produce  a humble 
feeling  of  mind,  from  comparing  the  small  extent 
of  our  knowledge  with  the  vast  extent  of  our 
ignorance. 

Apart,  however,  from  such  general  considera- 
tions, - — apart  from  the  influence  on  the  mind, 
from  observing  the  wonderful  order,  harmony,  and 
adaptation  displayed  in  the  structure  of  the  earth, 
even  as  I have  faintly  brought  it  to  your  notice, — 

I cannot  but  think  that  the  study  in  question 
affords  admirable  arguments  in  favour  of  natural 
theology ; and  is  better  fitted,  perhaps,  than  any 
other  train  of  inquiry  to  check  scepticism  and 
infidelity,  especially  when  associated  with  daring 
presumption,  at  the  fountain  head. 

In  the  preceding  Lecture,  speaking  of  the  series  ^ 
of  forms  of  organised  beings,  it  was  mentioned, 
that  the  species,  although  exhibiting  a gradation 
from  the  lowest  apparently  to  the  highest,  do  not 
blend  and  run  confusedly  into  each  other,  but  are 
kept  distinct  — each  apart  from  the  other,  each  as 
if  called  into  existence  by  a special  act  in  the 
exercise  of  creative  power.  And,  in  accordance 
with  this,  it  may  be  remarked,  is  the  most  trust- 
worthy and  extensive  experience  which  we  pos- 
sess, — there  being  no  well  authenticated  instance 
of  a single  species  of  organic  being  appearing 
within  historic  times  — extending  beyond  two 
thousand  years,  which  had  not  previously  existed ; 


ON  THE  EARTH. 


89 


every  asserted  instance  of  the  kind,  like  all  those 
of  the  same  category,  which  once  excited  attention 
under  the  designation  of  equivocal  generation, 
having  been  found  to  be  fallacious  when  carefully 
examined.  A great  fact  this,  and  a conclusive 
argument  against  the  materialist  and  his  doctrine 
of  progressive  developments ; and  though  not 
strictly  geological,  it  pertains  in  a manner  to  the 
following,  which  is  so. 

In  examining  the  several  rocky  strata  and  de- 
posits which  occur  at  the  surface  of  the  earth,  we 
have  seen  how  the  geologist  has  found  in  some  of 
them  containing  organic  remains,  the  vestiges 
only  of  extinct  species  ; in  some,  a mixture  of 
these  and  of  existing  species ; and  in  others,  the 
latter  only ; and  farther,  how  he  has  discovered 
no  where  amongst  these  various  remains  any 
traces  of  man.  This  is  a remarkable  result ; and 
now  after  so  much  research,  and  that  so  widely 
made,  and  very  much  directed  to  this  particular 
point,  it  seems  hardly  questionable.  Admitting 
it  then,  as  a fact,  what  is  the  conclusion  from  it  ? 
Is  it  not  evidently  this,  that  man,  amongst  ani- 
mals, was  not  an  early  inhabitant  of  the  earth, 
that  he  is  a being  of  comparatively  recent  pro- 
duction ? And,  what  is  the  inference  from  this  ? 
Is  it  not  as  clearly,  that  a special  power  has  been 
exercised  to  which  his  being  is  owing  ? And, 
how,  it  may  be  humbly  asked,  can  we  associate 
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with  such  power,  any  idea  but  that  of  Divinity, 
that  is,  the  idea  of  all  that  we  hold  to  be  most 
perfect,  most  excellent,  most  powerful,  united  in 
one  ? 

Matter,  as  we  define  it,  is  essentially  dead  and 
inert ; incapable  therefore  in  itself  of  change.  It 
is  an  old  argument  and  a fine  one,  that  motion, 
that  is,  the  power  to  produce  it,  is  a proof  of  the 
existence  of  a something  different  from  matter, 
viz.  mind;  and  duly  considered  as  exhibited  in 
its  harmonious  manifestations,  that  of  a Divine 
mind. 

The  exertion  of  a creative  power  includes  the 
idea  of  a moving  power,  and  when  displayed  in 
the  production  of  a complicated  organised  struc- 
ture, endowed  with  life  and  intelligence,  such  as 
that  of  man,  leaving  out  of  the  reasoning  ac- 
count the  whole  of  the  universe  besides,  have  we 
not  proof,  added  to  proof,  and  this  afforded  by 
the  studies  under  consideration,  in  support  of 
natural  theology  ? 
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LECTURE  IV. 

. ON  THE  OCEAN. 

* 

The  ocean  is,  as  you  know,  that  vast  collection 
of  fluid  matter,  which  washes  the  shores  of  our 
continents,  encircles  islands,  and  in  its  various 
ramifications  and  minor  parts  forms  seas,  gulfs, 
bays,  and  channels.  Vast  as  it  is,  under  the 
scrutiny  of  science  it  is  neither  boundless  nor  im- 
measurable, though  it  is  designated  as  both  in 
common  poetical  language.  Compared  with  the 
earth’s  surface  which  rises  above  it,  it  would  ap- 
pear to  be  of  much  greater  extent,  even  in  the 
proportion  of  three  to  one,  and  this  with  a mean 
depth  of  not  less  than  three  miles.  This  estimate 
as  to  its  profundity  is  derived  from  refined  calcu- 
lations connected  with  the  theory  of  the  tides, 
and  from  carefully  made,  though  not  sufficiently 
extensive  observations,  to  determine  their  average 
height.  In  no  other  way,  perhaps,  could  the 
result  even  as  an  approximation  have  been  ob- 
tained, inasmuch  as  the  bottom  of  the  ocean,  like 
the  dry  land,  is  infinitely  diversified,  having  its 
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valleys,  plains,  and  mountains ; and  farther, 
from  being  in  most  places  unfathomable,  that  is, 
too  deep  for  the  plomb-line  to  reach  its  bottom,  its 
greatest  depths  being  supposed  to  be  little  short 
of  nine  miles. 

As  the  atmosphere  receives  into  its  expanse, 
portions  of  all  fluids  that  are  elastic,  that  is,  of  all 
airs  and  gases,  as  the  earth  is  an  aggregate  of 
all  that  is  permanently  solid,  at  ordinary  tempe- 
ratures, so  is  the  ocean  to  be  considered  as  a com- 
pound, a solution  of  all  that  is  permanently  so- 
luble and  fluid,  or  rather  of  parts  of  all  such 
belonging  to  the  surface  of  our  globe,  and  which 
are  not  decomposable  by  the  agencies  to  which 
they  are  exposed  ; and,  further,  its  basin,  that  is, 
the  depression  of  the  earth  which  holds  it,  is  to 
be  considered,  with  a few  exceptions,  their  ap- 
propriate receptacle  and  reservoir.  The  few 
exceptions  alluded  to,  are  instances  of  similar 
depressions,  but  on  a comparatively  small  scale, 
performing  the  same  part,  such  as  that  which 
holds  the  Dead  Sea  in  Palestine,  and  the  Caspian 
in  the  western  part  of  Asia,  both  these  seas  having 
no  communication  with  the  great  ocean,  the  level 
of  their  waters  being  depressed  by  evaporation, 
depending  on  special  causes  there  acting,  below 
the  ocean  level. 

The  main  constituents  of  the  immense  fluid 
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mass  of  the  ocean  are  water  and  common  salt ; 
both  of  them,  as  you  are  aware,  compounds  ; one  of 
hydrogen  and  oxygen,  the  other  of  chlorine  and 
the  metal  sodium  — hydrogen  the  lightest  of  the 
gases ; sodium  one  of  the  lightest  of  the  metals, 
lighter  than  water  ; hydrogen  in  combining  with 
oxygen  to  form  water,  producing  the  most  in- 
tense heat  we  are  capable  of  exciting  artificially ; 
sodium  also  in  combining  with  chlorine  to  form 
common  salt,  affording  an  instance  of  combus- 
tion. 

Of  these  two  ingredients  water  and  common 
salt,  the  water  which  is  the  solvent,  constitutes  by 
far  the  larger  proportion,  amounting  to  about 
97  per  cent  ; common  salt,  being  little  more  than 
2 per  cent. 

Of  the  other  ingredients,  in  smaller  proportion 
than  common  salt,  altogether  little  exceeding 
1 per  cent.,  the  principal  elements,  besides  chlo- 
rine, are  magnesium  and  its  oxide  magnesia, 
lime,  and  sulphuric  acid. 

The  following  are  the  results  of  an  analysis  of 
sea  water  taken  from  Carlisle  Bay  in  this  island, 
which  I have  made  with  some  care  : — 


183*8  Chlorine 
16*7  Sulphuric  Acid 
4*8  Lime 
24*5  Magnesia 
*44  Carbonic  Acid 


-in  10,000  of  sea-water. 
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These  numbers  represent  the  proportions  of  the 
elements  obtained  by  the  analytical  processes  em- 
ployed. In  the  following,  they  are  shown  in 
groups,  as  it  may  be  imagined  they  exist  in  the 
water : — 

246'6  Chloride  of  Sodium  (common  salt). 

44’8  Do.  Magnesium. 

15 ‘3  Sulphate  of  Magnesia. 

1L3  Do.  Zinc. 
l’O  Carbonate  of  Lime. 

1-0  Loss  or  not  accounted  for. 

9680-0  Water. 

10,000-0 

Besides  the  ingredients  named  there  are  many 
more,  which  are  in  still  minuter  quantity,  such 
as  free  carbonic  acid  gas,  oxygen  and  azotic  gas, 
iodine,  bromine,  and  fluorine,  and  potassa. 

The  ingredients  existing  in  largest  quantities, 
those  first  mentioned  are  easily  detected,  and  their 
existence  demonstrated. 

Almost  the  whole  of  the  water  may  be  sepa- 
rated by  distillation.  Here  is  an  example  of  this. 
You  see  before  you  the  distilling  apparatus.  The 
sea-water  was  introduced  into  the  retort ; the  re- 
tort was  connected  with  a receiver.  As  the 
water  boiled  in  the  retort,  its  steam  rose  and 
was  condensed,  and  the  saline  matter  remained. 

This,  I may  remark,  illustrates  what  takes 
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place  in  salines,  or  salt-pans,  in  which  salt  is 
made,  as  the  expression  is,  on  a large  scale,  from 
sea-water,  by  natural  evaporation,  under  the  in- 
fluence of  the  sun  and  wind  in  dry  seasons.  The 
identical  process,  on  a minute  scale,  you  may 
most  easily  witness  by  exposing  on  a plate  or 
saucer  a little  sea- water  to  the  open  air,  in  ordi- 
nary weather,  provided  it  be  dry.  In  a few  hours 
you  will  find  the  shallow  vessel  incrusted  with 
salt,  and  the  water  dissipated,  having  passed  into 
the  air  as  vapour  or  steam.  The  one  on  a large 
scale,  the  other  on  a minute  one,  affords  a good 
example,  I may  observe,  of  the  assistance  that 
man  derives  from  the  powers  of  Nature,  on  so 
many  occasions,  in  the  useful  arts,  especially  the 
chemical.  These  powers,  indeed,  when  taken 
advantage  of  to  the  utmost,  aid  him  more  effectu- 
ally than  any  of  the  imaginary  genii  which  are 
called  into  action  in  the  stories  of  Arabian  ro- 
mance. 

The  several  elements  of  the  compounds  existing 
in  sea-water  constituting  the  saline  residue,  may 
be  demonstrated,  and  their  proportions  deter- 
mined, by  certain  tests  and  analytical  methods. 
These  it  will  be  sufficient  very  briefly  to  notice 
and  illustrate  by  experiment. 

Chlorine  has  a great  tendency  to  unite  with 
silver;  and,  in  consequence,  this  metal  is  pecu- 
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liarly  fitted  to  separate  it  from  its  combinations. 
If  I add  a solution  of  nitrate  of  silver  to  a portion 
of  sea-water,  you  will  perceive  that  immediately  a 
very  copious  precipitate  will  be  produced,  which 
is  chiefly  chloride  of  silver,  a compound  insoluble 
in  water. 

Barytes  has  a like  powerful  tendency  to  com- 
bine with  sulphuric  acid,  forming  with  it  an  in- 
soluble sulphate.  This  compound  will  be  formed 
when  I add  a little  of  a solution  of  a salt  of  bary- 
tes, such  as  the  nitrate,  to  another  portion  of  sea- 
water. 

Oxalic  acid  has  a similar  tendency  to  combine 
with  lime,  and  form  an  insoluble  compound. 
You  will  see  the  effects  of  a small  portion  of  it 
added  to  another  portion  of  sea-water. 

Magnesia  is  not  less  readily  demonstrated  when 
existing  in  solution.  If  ammonia  — that  is,  a 
solution  in  water  of  ammoniacal  gas  — be  added 
to  sea-water,  it  will  occasion  a precipitate,  which 
precipitate  is  magnesia ; and  the  test  of  it  is,  that 
it  is  redissolved  on  the  addition  of  some  muriate 
of  ammonia,  magnesia  forming  with  muriate  of 
ammonia  a double  salt,  which  is  readily  soluble ; 
and  a further  test  is,  that  on  the  addition  of  phos- 
phate of  soda,  a still  more  copious  precipitate  will 
be  produced  from  the  formation  of  another  double 
salt,  which  is  insoluble  and  crystallised.  The  ammo- 
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niaco-magnesian  phosphate.  Of  the  ingredients 
which  exist  in  sea-water  in  very  minute  quanti- 
ties, the  presence  of  carbonate  of  lime,  carbonic 
acid,  oxygen,  and  azote,  may  be  demonstrated 
without  much  difficulty. 

Carbonate  of  lime  is,  by  itself,  insoluble  in 
water ; but  when  carbonic  acid  - is  contained  in 
water,  then  it  is  soluble ; and,  consequently, 
when  this  acid  is  expelled,  the  carbonate  of  lime 
is  precipitated.  If  sea-water  be  exposed  to  the 
sun  in  a bottle,  it  becomes  heated,  a good  deal  of 
the  carbonic  acid  is  liberated,  and  in  a day  or 
two,  on  careful  examination,  a minute  deposition 
will  be  visible  on  the  inside  of  the  glass,  consisting 
of  carbonate  of  lime,  in  a crystalline  state  in 
part,  and  in  part  not ; and  where  not,  I believe 
in  consequence  of  a little  vegetable  matter  having 
been  deposited  at  the  same  time.  The  whole 
of  the  carbonate  of  lime  in  any  quantity  of  sea- 
water may  be  obtained  by  evaporating  to  dryness 
and  redissolving  the  residue  in  water  purged  of 
air;  the  carbonate  of  lime,  being  insoluble,  will 
remain  when  the  saline  matter  is  dissolved,  with 
the  exception,  indeed,  of  a portion  of  sulphate 
of  lime  ; to  separate  them — the  carbonate  and  sul- 
phate — an  acid  must  be  employed. 

The  oxygen  and  azote  which  exist  in  sea-water 
may  be  expelled  by  boiling  the  water  in  a flask 
or  retort,  connected  with  a pneumatic  apparatus. 

H 
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This  is  remarkable  in  the  air  thus  expelled  ; 
the  proportion  of  oxygen  in  it  is  larger  than 
that  which  exists  in  the  atmosphere,  mixed  with 
azote.  Instead  of  being  about  20  per  cent., 
it  has  often  been  found  so  high  as  31,  and  even 
39  per  cent.  Though  very  worthy  of  note  — in 
which  sense  I use  the  term  remarkable  — the  cir- 
cumstance is  not  surprising,  inasmuch  as  oxygen 
is  taken  up  in  larger  quantity  by  water  than 
azote  is : in  like  manners  compared  with  the 
azote,  it  is  found  in  larger  proportion  than  in  the 
atmosphere,  in  dew,  in  rain  and  in  river  water. 

The  presence  of  the  other  ingredients  named  as 
existing  in  sea-water  in  minute  quantities  — even 
more  minute  than  the  last  mentioned  — such  as 
potash,  fluorine,  iodine,  and  bromine,  cannot  be 
demonstrated  without  much  difficulty. 

The  latter  three  are  simple  substances,  in  some 
of  their  properties  analogous  to  chlorine  and  oxy- 
gen, and,  in  consequence,  they  are  often  classed 
together,  analogy  of  properties  being  the  prin- 
ciple of  classification. 

In  a former  Lecture  I have  made  mention  of 
fluorine,  at  present  one  of  the  most  mysterious 
substances  in  chemistry.  It  has  recently  been 
detected  in  sea- water  in  combination  with  lime ; 
a compound  in  its  mineral  state  known  by  the 
name  of  fluor-spar,  which  is  slightly  soluble  in 
water. 
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Of  the  other  two  remarkable  substances  here  are 
specimens  before  you. 

Iodine  is,  you  perceive,  in  its  appearance  not 
unlike  plumbago.  It  is  nearly  five  times  as 
heavy  as  water;  it  fuses  at  225°  Fahr.,  i.  e.  about 
13°  above  the  boiling  point  of  water;  and  boils 
at  347°.  Its  steam,  as  I shall  show  you,  is  of  a 
beautiful  violet  colour ; whence  the  name  of  the 
substance,  viz.  from  the  Greek  word  lco$r)s,  signi- 
fying this  colour.  It  has  another  characteristic 
property  ; iodine  combines  with  starch,  and  im- 
parts to  it  a fine  blue  colour,  and  is  thus  a 
valuable  test  of  it.  This  is  easily  shown  by 
mixing  together  some  starch  in  a gelatinous  state 
and  a solution  of  iodine  in  alcohol  and  water. 
As  iodine  exists  in  sea-water,  it  is  in  combination 
with  an  alkaline  metal. 

Bromine,  the  other  substance,  is,  you  perceive, 
a reddish-brown  liquid.  It  is  not  easily  frozen ; 
is  very  volatile,  boiling  at  116°,  producing  a deep 
red  steam  or  gas,  of  a very  offensive  and  oppres- 
sive odour,  whence  the  name  given  to  the  liquid, 
also  from  a Greek  word  (/ Spw/ios ),  signifying  this 
quality. 

Further  research,  carefully  conducted,  will  pro- 
bably bring  to  light  other  substances  existing 
in  sea-water;  and,  it  may  be,  some  substances 
not  before  known,  such  as  ’were  those  last  men- 
tioned, till  they  were  detected  in  this  fluid  or  in 
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its  products.  And  that  very  many  compounds 
already  known  as  existing  in  the  earth  may  be 
detected  in  the  waters  of  the  ocean  seems  highly 
probable,  taking  into  account,  as  already  re- 
marked, that  it  is  the  common  receptacle  and 
reservoir  of  all  soluble  matters  passing  into  it, 
capable  of  resisting  undecomposed  the  agencies  to 
which,  when  there,  they  are  subjected. 

With  your  permission  I shall  offer  a few  re- 
marks in  relation  to  this  limitary  circumstance. 

The  decomposing  agencies  alluded  to  are,  in 
their  fullest  extent,  necessarily  vague  and  not 
easily  defined,  as  they  may  exist,  not  only  in  the 
ocean- water,  but  also  in  the  solid  matters  con- 
stituting the  varied  bed  of  the  ocean.  Some  of 
them,  however,  are  sufficiently  distinct.  I shall 
adduce  a few  instances. 

As  chlorine  in  combination  is  so  abundant  in 
sea -water,  it  is  manifest  that  no  salt  of  silver  can 
be  contained  in  it. 

As  sulphuric  acid  is  present  in  it,  it  is  equally 
manifest  that  neither  barium  nor  lead  can  be 
retained  in  solution  in  it. 

As  sulphuretted  hydrogen  is  frequently  formed 
in  the  sea,  especially  along  coasts  where  vegetable 
matter  is  abundant  and  the  sun  acts  powerfully, 
and  as  it  has  the  property  of  precipitating  most 
of  the  metals  from  their  state  of  solution,  con- 
verting them  into  insoluble  sulphurets,  there 
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seems  in  the  circumstance  sufficient  reason  for 
infering  that  such  metals  cannot  exist  in  solu- 
tion in  sea-water.  Admitting  this  view  to  be 
correct,  sulphuretted  hydrogen,  instead  of  being 
a cause  of  malaria  — the  generator  of  the  direful 
fevers  that  prevail  periodically  on  the  western 
coast  of  Africa  — might  rather  be  held  to  be 
designed  by  Nature  for  the  salutary  purpose  of 
preventing  the  ingress  of  the  metallic  mineral 
poisons  into  the  sea. 

All  the  soluble  compounds  of  iron  and  copper 
are  decomposed  by  lime,  and  also  by  carbonate 
of  lime,  which,  as  already  observed,  is  found  in 
sea- water,  and  is  so  abundant  in  many  rocks 
washed  by  the  sea,  and  in  so  many  animal  and 
vegetable  textures  belonging  to  the  sea.  This 
will  account  for  neither  of  these  metals  existing 
in  sea-water;  and  also,  in  part,  for  the  remark- 
able manner  in  which  the  former  metal,  iron,  is 
diffused,  it  being  rare  to  meet  with  a single  rock 
or  portion  of  soil  destitute  of  it.  In  its  widely 
diffused  state,  in  its  oxides,  it  may  be  considered 
as  the  great  colouring  matter  of  inanimate  nature, 
it  being  without  a rival,  if  carbonaceous  matter 
be  not  an  exception,  which,  in  point  of  fre- 
quency of  occurrence,  is  hardly  second  to  the 
ferruginous. 

In  the  same  way  may  be  explained  the  absence 
of  aluminous  salts  in  the  ocean,  all  these  in 
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like  manner  being  decomposed  by  lime  or  its 
carbonate. 

These  instances  may  suffice  as  examples  of  the 
limitary  agencies  referred  to.  On  the  other  hand, 
if  we  consider  the  compounds  which  are  likely  to 
exist  in  the  ocean,  not  liable  to  be  decomposed  by 
the  agencies  such  as  those  referred  to,  or  any 
known  to  be  in  operation,  we  might  mention 
certain  nitrates,  as  those  of  lime  and  the  fixed 
alkalies,  and  of  the  volatile  alkali ; and  of  the 
latter,  also,  in  combination  with  muriatic  acid; 
and  phosphate  of  lime  dissolved  by  means  of 
carbonic  acid.  ? 

If  these  compounds  are  contained  in  sea-water, 
as  I venture  to  anticipate,  being,  as  we  may  be  jj 
sure  they  are,  in  excessively  minute  quantities, 
they  will  be  detected  with  difficulty,  and  only  as 
the  result  of  experiments  made  expressly  for  the 
purpose  of  bringing  them  to  light.  I may  add, 
that  when  I have  tested  for  ammonia  common 
salt  not  carefully  refined,  extracted  from  sea- 
water, or  the  mixed  salts  obtained  by  its  evapo- 
ration, I have  not  failed  to  observe  slight  traces 
of  it,  and  this  by  means  of  a very  simple  method, 
the  merely  mixing  it  with  quicklime  and  bringing 
near  the  mixture  an  acid  which  had  just  ceased 
to  emit  visible  fumes  ; a renewal  of  its  fumes 
(as  happened)  was  proof  that  ammonia  was  dis- 
engaged, separated  by  the  lime  from  the  common 
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salt.  And  I may  further  add,  that  when  seeking 
specially  for  phosphate  of  lime,  I have  also  de- 
tected traces  of  it  in  sea -water.  It  is  shown  in  a 
satisfactory  manner  by  precipitating  first  by  am- 
monia after  the  addition  of  some  muriate  of 
ammonia;  collecting  the  precipitate  on  a filter, 
redissolving  it  in  muriatic  acid,  and  again  pre- 
cipitating by  ammonia.  A repetition  is  necessary, 
in  consequence  of  a portion  of  carbonate  of  lime 
having  been  thrown  down  in  the  first  instance,  from 
the  neutralisation  of  its  solvent,  the  carbonic  acid, 
by  the  volatile  alkali.  In  one  instance  that  I at- 
tempted to  determine  the  proportion  of  phosphate 
of  lime,  it  appeared  to  be  less  than  the  one  hun- 
dredth part  of  a grain  in  ten  thousand  grains  of 
sea-water. 

From  the  consideration  of  the  chemical  compo- 
sition of  sea-water,  let  us  now  proceed  to  give 
attention  to  some  of  its  properties,  which  are 
not  less  remarkable  than  those  belonging  to  the 
atmosphere  or  to  the  earth,  and  are  equally  de- 
monstrative of  wonderful  and  harmonious  design, 
especially  in  connection  with  organisation  and 
life ; and  that  not  only  in  the  instances  of  species 
of  animals  and  plants,  the  habitations  of  which 
are  the  ocean  and  its  shores,  but  extending  also  to 
others,  and  eminentlv  to  man. 

1st.  Of  its  Density. — Although  so  immense 
the  extent  of  the  ocean,  stretching  from  pole  to 
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pole  in  every  variety  of  climate,  yet  the  density 
or  specific  gravity  of  its  water  varies  inconsider- 
ably where  no  manifest  disturbing  cause  interferes, 
such  as  the  proximity  of  great  rivers,  or  of  vast 
fields  of  ice.  It  is  commonly  found  to  be  between 
1026  and  1028  to  pure  water  as  1000,  which  is 
about  the  same  as  the  specific  gravity  of  the  fluid 
part — the  serum  of  the  blood  ; a coincidence,  I be- 
lieve, not  without  import.  In  the  instances  in 
which  a greater  difference  has  been  found,  or  has 
been  stated  to  have  been  found,  it  is  questionable 
whether  it  has  not  depended  on  some  inaccuracy, 
either  in  the  manner  in  which  the  specimen  of 
water  weighed  was  taken  up,  kept,  or  tried,  or  on 
some  casual  circumstance,  such  as  a preceding 
calm  of  unusual  duration,  or  a heavy  fall  of  rain. 

As  the  specific  gravity  or  density  of  sea-water 
depends  on  the  quantity  of  its  saline  contents,  so 
the  little  variation  of  this  quality  is  a proof  that 
these,  its  saline  ingredients,  are  equally  constant 
in  quantity  ; and  it  may  be  inferred  that  this 
constancy  has  prevailed  in  the  waters  of  the 
ocean  for  a very  long  period,  and  is  likely  to  con- 
tinue so  to  prevail.  The  saltness  of  the  Mediter- 
ranean Sea  little  exceeds,  if  at  all,  that  of  the 
Atlantic  at  the  present  period.  And  as  the  level 
of  its  shores  now  are  much  the  same  as  they  were 
generally,  as  well  as  can  be  ascertained,  more  than 
2000  years  ago,  and  as  the  same  fishes  inhabit  its 
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waters  now  as  when  Aristotle  wrote  and  described 
them,  may  it  not  fairly  be  inferred  that  in  this 
lapse  of  time  no  sensible  change  has  taken  place 
in  its  density,  and  if  not  in  it,  a fortiori  not  in 
the  ocean,  the  latter  being  exempt  from  certain 
causes,  I will  not  say  existing,  but  which  have 
been  supposed  to  exist,  affecting  the  former,  and 
to  have  a tendency  to  increase  its  saltness ; or,  in 
other  words,  its  density. 

2dly.  Of  its  Temperature  and  of  its  Freezing 
Point.  — As  regards  the  temperature  of  the  ocean, 
there  is  this  marked  difference  between  it  and  the 
atmosphere,  owing  to  the  different  qualities  of  the 
fluids  of  which  they  are  formed.  The  atmosphere, 
we  have  seen,  owes  its  temperature  chiefly  to 
heat  reflected  from  the  earth.  The  ocean  owes 
its  temperature  principally  to  heat  which  it  has 
absorbed,  derived  from  the  sun’s  rays,  which  in 
passing  into  it,  the  medium  not  being  perfectly 
transparent,  are  gradually  extinguished  before 
they  can  penetrate  to  any  great  depth.  Conse- 
quently, in  all  warm  climates,  the  temperature  of 
the  ocean  is  highest  at  its  surface,  and  that  when 
under  the  influence  of  the  mid-day  sun.  Imme- 
diately after  noon  it  begins  commonly  to  fall,  and 
continues  slowly,  very  slowly,  falling  till  sun- 
rise, when  it  changes,  and  till  noon  continues  as 
gradually  to  increase.  The  maximum  tempera- 
ture of  the  ocean,  even  within  the  tropics,  rarely 
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exceeds  81°  or  82°,  and  its  variation  in  the 
twenty-four  hours  seldom  exceeds  4°.  Beneath 
the  surface,  in  warm  climates,  its  temperature 
would  appear  uniformly  to  fall,  diminishing  with 
the  depth.  At  the  greatest  depth  to  which  a 
thermometer  has  been  sunk,  about  1000  fathoms, 
in  one  instance  there  was  a fall  of  38°;  in  an- 
other, of  31°.  In  temperate  climates  it  is  pro- 
bable that  the  same  law  prevails,  i.  e.  of  a limited 
decrease  of  the  temperature  with  the  depth.  But 
in  the  high  latitudes  towards  the  poles,  from  the 
observations  which  have  been  made,  it  would 
appear  that  the  temperature,  also  limited,  increases 
with  the  depth,* 

Fresh  water  possesses  the  singular  and  im- 
portant property  of  being  of  greatest  density  or 
specific  gravity  about  40°,  becoming  lighter  as  it 
falls  towards  the  freezing  point,  and,  conse- 
quently, insuring  in  all  considerable  collections  of 
water,  in  all  deep  lakes,  comparatively  warm 
water  below,  even  should  their  surface  be  covered 
with  ice,  and  so  effectually  preventing  the  conver- 
sion of  the  whole  of  their  mass  into  ice, 

* From  recent  observations  there  is  reason  to  infer  that 
the  temperature  of  the  deep  ocean  throughout  is  about  40°, 
the  depth  at  which  it  is  at  this  temperature  varying  with 
the  latitude ; at  the  equator,  being  at  the  depth  of  about 
7200  feet;  in  latitude  56°at  the  surface;  and  in  latitude 70° 
at  the  depth  of  about  4500  feet. 
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Sea-water,  it  would  appear  from  the  most  ac- 
curate experiments  that  have  been  made  to  deter- 
mine the  point,  does  not  exhibit  the  same  pecu- 
liarity. Its  density  seems  to  increase  within  two 
or  three  degrees  of  its  freezing,  when  it  diminishes 
a little  from  expansion.  But,  then,  sea-water,  it 
is  to  be  remembered,  differs  in  another,  an  im- 
portant respect,  from  fresh.  As  a higher  tem- 
perature is  required  to  make  it  boil,  so  a lower 
temperature  is  necessary  to  freeze  it.  When 
kept  still,  as  it  is  likely  to  be  at  any  considerable 
depth,  it  has  been  observed  to  be  fluid  at  19° 
Fahr.,  or  13°  below  the  freezing  point  of  fresh 
water,  a circumstance  which  may  have  a material 
influence  in  the  polar  seas. 

3dly.  Of  the  solubility  of  its  saline  contents.  — 
As  regards  the  quality  of  solubility,  common  salt 
— the  principal  and  most  important  ingredient  of 
sea-water  — has  this  remarkable  property,  that 
heat  does  not  sensibly  increase  it,  nor  cold  diminish 
it;  and,  consequently,  the  solvent  power  of  the 
water  of  the  tropical  ocean,  in  relation  to  it  — 
common  salt  — is  the  same  as  that  of  the  polar ; 
is,  in  brief,  uniform  throughout,  in  accordance 
with,  and  conducing  to,  a nearly  uniform  density. 

4thly.  Of  its  currents.  — As  in  the  atmosphere 
winds,  aerial  currents,  agitate  and  tend  to  mingle 
intimately  its  different  parts,  so  in  the  ocean 
water-currents,  variously  produced,  have  a like 
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commingling  effect ; and  to  this  probably  the  little 
variety  of  density  and  composition  of  its  waters, 
as  a whole,  may  in  part  be  attributed.  It  would 
require  to  inspect  a chart  of  the  ocean-streams  to 
have  any  tolerably  just  idea  of  their  number  and 
magnitude,  even  of  the  surface-streams,  exclusive 
of  those  which  exist  in  deep  water,  and  which, 
probably  are  not  less  important  in  their  influence. 
The  principal  circumstances  which  seem  to  have 
effect  in  producing  currents  are,  besides  the 
attraction  of  the  sun  and  moon  in  giving  rise  to 
the  tides,  the  influx  of  large  quantities  of  fresh 
water ; difference  of  density,  depending  on  the 
temperature  of  the  water ; and  strong  prevailing 
winds,  blowing  steadily  in  the  same  direction. 

The  great  rivers  of  America  seem  to  diminish 
the  density  of  the  ocean,  and  this  at  the  distance 
of  many  hundred  miles  from  their  outlets;  a 
change  necessarily  indicative  of  a current.  It  is 
not  uncommon  for  the  sea  between  Tobago  and 
Trinidad,  more  than  300  miles  distant,  to  be  dis- 
coloured when  the  Oronoco,  and  the  other  large 
rivers  adjoining  it,  are  in  flood.  In  July  last, 
when  the  sea  was  in  the  turbid  state  mentioned,  a 
portion  of  water  I had  taken  up  where  there  was 
a strong  current,  was,  I found,  of  the  low  specific 
gravity  1014;  and  on  rest,  after  a little  while,  a 
minute  sediment  of  fine  earthy  matter  was  seen 
collected  at  the  bottom. 
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Connected  with  difference  of  temperature,  there 
is  reason  to  believe,  that  currents  of  cold  water 
are  constantly  flowing  from  the  polar  towards 
the  temperate,  and  from  them  into  the  tropical' 
i seas;  and,  in  connection  with  prevailing  winds, 
that  some  of  the  most  important  surface-currents 
are  flowing  in  a contrary  direction,  viz.  from  the 
tropics  towards  the  arctic  and  antarctic  circles  ; 
and  further,  that  all  of  them,  however  occa- 
sioned, including  the  great  tidal  waves,  are  co- 
operating to  effect  that  intimate  mixture  of  the 
waters  of  the  ocean,  so  remarkable,  already 
: pointed  out. 

We  have  thus  seen  the  ocean,  as  it  were,  in  its 
passive  state ; let  us  now  consider  it  in  relation  to 
the  economy  of  Nature,  in  which  it  performs  so 
many  and  those  so  important  parts.  Its  two  princi- 
pal ingredients,  you  are  aware,  are  water  and  com- 
I mon  salt ; the  one  essential  to  vegetable  as  well  as  to 
animal  life  ; the  other  hardly  less  necessary  to  the 
health  of  animals,  as  without  it,  it  would  appear, 
i most  of  the  larger  animals  with  the  habits  of 
which  we  are  acquainted,  sooner  or  later  fall  off 
in  condition,  and  become  diseased ; and  they  all, 
whether  domestic  or  wild,  seem  to  have  a decided 
! liking  for  it,  as  it  were,  an  instinctive  taste,  im- 
parted, no  doubt,  for  a beneficial  purpose. 

Now,  the  ocean  is  equally  the  great  and  in- 
exhaustible reservoir  of  water  and  of  salt.  The 
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one  is  constantly  rising  from  its  surface  in  the 
state  of  an  invisible  gas  or  vapour,  under  the 
influence  of  the  sun  and  winds,  to  be  diffused 
through  the  atmosphere,  and  over  the  earth,  there 
to  form  clouds  and  mists,  hail,  snow,  and  rain, 
according  to  circumstances  of  change  of  tempera- 
ture, and  thence  to  fall,  according  to  the  climate 
and  season  of  the  year,  either  — as  in  northern 
regions  in  winter — to  protect  the  ground,  by  a bad- 
conducting  covering  of  snow,  from  the  effects  of 
intense  cold ; or  in  spring  and  summer  in  these 
regions,  and  in  warm  climates  at  all  seasons,  to 
nourish  vegetation,  feed  springs,  and  replenish 
lakes  and  rivers,  which  in  their  course  and  ter- 

■ 

ruination,  passing  into  the  ocean,  replenish  it.  ( 
So  perfect  is  this  order  of  events,  that  it  has  be- 
come a symbol  of  sublimer  and  more  mysterious 
changes,  adduced  to  aid  imagination  when  ex- 
ercised on  some  of  its  highest  aspirations. 

The  common  salt,  the  chloride  of  sodium, 
which  the  ocean  contains,  is  easily  procured  for 
use,  being  separable  from  most  of  the  other  saline 
parts,  in  consequence  of  its  different  degree  of 
solubility ; chloride  of  magnesium  being  far 
more  soluble  and  deliquescent  in  ordinary  states 
of  the  atmosphere;  sulphate  of  magnesia  also 
being  more  soluble,  especially  at  an  elevated 
temperature ; and  sulphate  of  lime  being  far  less 
soluble.  So  easily  is  common  salt  separated  by 
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spontaneous  evaporation,  that  it  may  even  be  col- 
lected from  the  rocks  on  the  sea  shore,  in  dry 
weather ; and  is  often  so  collected,  especially  by 
savage  tribes. 

When  we  consider  how  great  a necessary  it 
is  as  a condiment,  and,  in  consequence,  the  mil- 
lions of  pounds  of  it  which  are  extracted  annually 
for  the  use  of  man,  we  cannot  but  perceive  that 
the  supplying  thus  of  this  want  is  not  without  use 
in  relation  to  the  ocean  itself,  tending  to  pre- 
vent an  undue  accumulation  of  salt  in  it,  and 
its  conversion  finally  into  a dead  sea , like  that  in 
Palestine  in  which  the  proportion  of  saline 
matter  is  nearly  one  half  the  weight  of  the  aque- 
ous parts,  and  in  which,  in  consequence,  no 
aquatic  plant  or  animal  can  exist.  The  river 
Jordan,  'which  passes  into  this  sea,  or  rather  lake, 
contains  no  more  saline  matter  than  ordinary 
rivers,  all  river- water  containing  a minute  por- 
tion. It  is  not,  then,  from  having  more  salt 
brought  into  it,  that  the  waters  of  the  Dead  Sea 
are  so  intensely  salt,  but  in  consequence  of  its 
having  no  communication  with  the  ocean ; and 
this,  it  may  be  inferred,  in  consequence  of  the 
evaporation  fr^m  its  surface  being  unusually  great, 
keeping  down  the  level  of  its  waters.  It  may  be, 
too,  that  at  some  former  period,  when  the  valley 
was  formed,  strata  containing  a bed  of  rock  salt 
might  have  been  broken  up,  and  by  its  solution 
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have  formed  at  once  a dead  sea.  Had  the  specific 
gravity  of  its  waters  been  ascertained  2000  years 
ago,  we  might,  by  a comparison  of  its  density 
now  with  what  it  was  then,  have  been  enabled  to 
arrive,  perhaps,  at  some  satisfactory  conclusion  on 
this  interesting  point.  Be  that  as  it  may,  we 
know  for  certain  that  every  lake,  without  an  out- 
let, must  in  course  of  time  become  a salt  lake, 
and  finally,  of  the  character  of  the  Dead  Sea, 
unless  the  saline  matter  brought-  to  it  constantly 
is  not  somehow  removed.  It  might  be  supposed 
that  a lake  so  situated  would  finally  be  dried  up ; 
many  in  Africa  are  so  — being  plains  of  salt  in  the 
dry  season,  and  salt  lakes  only  in  the  rainy  season. 
Where  there  is  a considerable  depth  of  water,  ? 

r 

however,  and  a perennial  supply  of  water  by  a 
river,  a point  of  condensation  may  be  produced, 
such  as  to  establish  an  equilibrium  between  the 
loss  by  evaporation  and  the  supply  by  rains  and 
feeding-streams ; and  probably  such  a balance  is 
now,  and  has  long  been,  in  operation  in  the  instance 
of  the  Dead  Sea.*  We  must  remember  that,  not 
only  is  the  boiling  point  higher  in  proportion  to 
the  density  or  saltness  of  the  water,  but  also,  that 
in  the  same  proportion,  the  loss  by  evaporation  from 

* That  it  has  long  been  in  operation  may  be  inferred 
from  the  description  of  the  Dead  Sea  by  Josephus,  from 
which  it  appears  that  the  character  of  this  lake  was  much 
the  same  when  he  wrote  as  at  the  present  time. 
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it  is  slower  and  less,  and  that  at  a certain  point  of 
concentration,  evaporation  may  cease  altogether. 

The  other  saline  contents  of  sea-water,  are  per- 
haps little  inferior  in  use  to  the  principal  in- 
gredient, common  salt.  As  regards  the  human 
race,  the  mixed  salts,  such  as  exist  in  solution, 
are  a valuable  medicine,  and  seem  as  if  so  in- 
tended by  Nature.  And,  from  the  chloride  of 
magnesium,  which  next  to  chloride  of  sodium  is 
in  largest  proportion,  a useful  medicine  is  ob- 
tained, viz.  magnesia,  the  greater  part  of  that 
employed  being  procured  from  this  source.  More- 
over, these  salts  are  not  inoperative  as  manures. 
Sea-water,  when  judiciously  applied,  appears  to  be 
highly  serviceable  in  this  respect,  especially  to 
pasture  lands.  The  chlorides  may  be  of  service, 
particularly  when  there  is  no  deficiency  of  lime  in 
the  soil ; and  the  little  carbonate  of  lime,  sulphate 
of  lime,  and  salts  of  the  vegetable  and  volatile 
alkali  present,  may  also  have  a beneficial  effect. 

Another  important  part  performed  by  the 
ocean  in  the  economy  of  Nature,  hardly,  if  at  all, 
inferior  to  the  preceding,  is  that  connected  with 
the  distribution  of  heat,  and  its  equalisation,  so 
far  as  that  is  effected. 

The  ocean  is  equally  the  great  receptacle  and 
reservoir  of  heat,  and  of  water,  and  salt.  Within 
the  tropics,  by  absorbing  the  sun’s  rays,  it 
moderates  the  heat  and  prevents  these  regions 


114 


ON  THE  OCEAN. 


% 


from  becoming  the  torrid,  uninhabitable  ones, 
which  they  were  imagined  to  be  by  the  ancients. 
Intemperate  climates,  it  has  the  same  effect  in 
summer,  tending  to  keep  the  atmosphere  cool; 
whilst  in  winter  it  has  the  contrary  tendency,  to 
preserve  the  atmosphere  warm.  The  same  ten- 
dencies and  effects  are  witnessed  even  in  the 
Polar  seas ; as  indeed  they  necessarily  must  be 
wherever  there  are  any  great  masses  of  water, 
keeping  in  mind  as  a principle,  that  water  never 
cools,  that  ice  never  forms,  without  an  imparting 
of  heat  to  the  atmosphere ; and  that  water  never 
becomes  warmer,  nor  ice  ever  melts,  without  the 
absorption  of  what  otherwise  might  be  atmo- 
spheric heat.  Moreover,  the  peculiarity  already 
alluded  to,  of  salt  water  increasing  in  density  to 
within  a degree  or  two  of  its  freezing  point, 
and  its  freezing  point  being  so  much  lower  than 
that  of  fresh  water,  must  have  the  effect  of  keep- 
ing the  Polar  seas  longer  open ; and,  probably, 
in  some  situations,  where  powerfully  influenced 
by  currents  and  tides,  to  keep  them  constantly 
unfrozen,  even  throughout  the  severest  winter 
seasons.  Had  sea-water  the  same  quality  as 
fresh  water  as  to  density  connected  with  tem- 
perature, then,  as  the  mean  temperature  of  the 
Arctic  Ocean  appears  to  be  below  40°,  there  is 
good  reason  to  infer  that  it  would  be  perpetually 
covered  with  ice,  and  with  ice  constantly  in- 
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creasing  in  thickness,  rendering  those  regions 
quite  inaccessible  or  totally  unfit  for  the  resort 
of  the  vast  number  of  aquatic  animals  that  mi- 
grate to  them  during  their  short  summer  — a long- 
protracted  day,  the  sun,  you  know,  at  that  season, 
never  sinking  below  the  horizon  there.  So  great 
is  the  influence  of  the  ocean  in  its  tendency  to 
equalise  temperature,  that  were  not  its  effects 
well  known  from  experience,  we  could  scarcely 
credit  them  a priori.  How  remarkably  is  it 
exemplified  in  countries  bordering  on  the  ocean, 
or  on  deep  seas,  compared  with  those  which  are 
inland,  or  bordering  on  shallow  waters.  The 
Black  Sea  affords  striking  instances  of  each  kind. 
Its  southern  shore,  extending  from  Trebizond 
nearly  to  the  entrance  of  the  Bosphorus,  is  bold 
and  elevated,  and,  as  is  commonly  the  case,  is 
skirted  by  deep  water.  There,  a mild  winter  is 
experienced ; the  platanus,  the  myrtle,  the  arbutus, 
are  to  be  seen  there ; and  the  two  latter  growing 
wild  amongst  the  rocks  — proof  of  the  mildness 
alluded  to.  On  the  northern  and  western  coasts  of 
the  same  sea,  which  is  little  more  than  300  miles 
in  width,  a totally  different  scene  presents  itself, 
and  a totally  different  climate,  — a climate  which, 

I believe,  was  not  for  its  winter  severity  exag- 
gerated by  the  Roman  poet  in  his  (e  Tristia.”  Its 
shores  are  low,  the  adjoining  sea  shallow,  the 
country  inland,  a vast  naked  plain,  the  prevailing 
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winds  northerly ; the  great  rivers  which  there 
empty  themselves  and  freshen  the  sea-water, 
flow  from  the  same  quarter  ; — circumstances  which 
together  combined,  seem  to  give  to  its  winter 
climate  its  remarkable  intensity  of  cold,  resem- 
bling that  almost  of  a Polar  region,  denoted  by 
the  freezing  of  the  great  rivers  interrupting  their 
nav  igation,  and  the  freezing  of  the  shallow  brack- 
ish water  many  miles  from  land. 

Did  time  permit,  and  were  it  advisable,  nu- 
merous other  examples  might  be  given  of  the 
kind  ; contrasts  showing  how  the  sea  renders  the 
climate  of  certain  districts  of  coast  mild  and  sup- 
portable, which  from  their  latitudes,  were  they 
inland,  would  be  hardly  bearable  from  the  rigour 
of  cold ; and  how  other  districts  remote  from 
the  sea,  especially  if  elevated,  as  they  commonly 
are,  are  as  oppressively  hot  in  summer  as  they 
are  intensely  cold  in  winter.  Ancient  Armenia,  a 
great  part  of  modern  Persia,  Cabool,  Aflganistan, 
indeed  the  whole  of  the  country  of  Upper  Asia, 
is  so  characterised.  In  Cabool,  where  the  winters 
are  so  severe  that  the  warmest  furs  and  sheep- 
skins are  ordinary  articles  of  clothing,  in  summer 
the  heats  are  so  great,  that  the  natives,  to  escape 
as  much  as  they  can  from  the  distressing  effects 
of  them,  commonly  dwell  at  that  season  in  under- 
ground houses. 


The  ocean,  you  are 


well  aware, 


is  teeming 


with 
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living  things,  animal  and  vegetable ; it  is  probably 
as  prolific  of  them  as  the  earth ; indeed,  by  some 
naturalists  it  has  been  supposed  to  be  more  so. 
Almost  every  type  of  existence  is  there  to  be  met 
with,  from  species  of  Mammalia  that  suckle  their 
young  and  breathe  by  means  of  lungs,  to  the 
several  orders  of  Reptilia,  Fishes,  Crustacea, 
and  Mollusca,  and  still  lower  in  the  scale  of  orga- 
nisation, to  the  great  and  miscellaneous  class  of 
Radiata  or  Zoophytes,  itself  numerously  divided, 
and  exhibiting  in  one  of  its  lowest  orders  ani- 
mals  which  have  been  called  apathic,  such  as  the 
sea  blubber,  in  which  functions  are  made  manifest 
associated  with  a very  indistinct  organisation. 
The  vegetable  kingdom  within  the  domains  of  the 
ocean  is  hardly  less  abundant,  though  there  is 
reason  to  believe,  greatly  more  limited  in  its 
forms  than  the  animal. 

The  adaptation  of  the  ocean  to  its  inmates,  and 
of  these  to  the  ocean,  is  equally  remarkable  and 
demonstrative  of  extraordinary  design,  a skill 
and  contrivance  that,  when  scrutinised  even  im- 
perfectly, excites  our  highest  admiration.  The 
whale,  which  in  its  internal  organisation  differs 
but  little  from  the  hippopotamus  or  from  the 
elephant,  breathing,  like  them,  atmospheric  air 
by  means  of  lungs,  is,  you  know,  in  its  mode  of 
locomotion  and  its  habits,  little  different  from  a 
fish,  swimming  by  means  of  extremities  in  the 
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shape  of  fins,  and  capable  of  remaining  under 
water  a very  long  time,  and  this  in  consequence 
of  a special  apparatus  for  the  purpose,  not  a 
reservoir  of  elastic  air,  but  what  would  appear 
to  be  equivalent,  without  its  disadvantages  — a 
reservoir  of  aerated  blood,  contained  in  large 
convoluted  arteries  placed  between  its  ribs.  The 
apathic  animals  (so  called  from  having  no  visible 
nerves),  such  as  the  medusae,  which  constitute,  as 
it  were,  the  other  extremity  of  the  scale  of  aquatic 
living  things,  in  whom  I have  remarked  that  the 
functions  — the  indications  of  life  — are  distinct, 
whilst  their  organisation  is  most  obscure,  animals 
beautiful  in  their  colours,  possessing  the  property 
of  emitting  light,  on  which  the  luminosity  of  the 
sea  at  night  chiefly  depends,  and  having  the 
power  of  exciting  an  irritation  on  the  hands  of 
those  who  touch  them  like  that  from  the  sting  of 
the  nettle,  — these  singular  beings  consist  in  great 
measure  of  water;  it  is  water  that  constitutes 
their  bulk  principally,  contained  in  a delicate 
transparent  gelatinous  tissue,  which  soon  dis- 
solves in  the  open  air,  and  also,  I believe,  in 
fresh  water.  The  density  of  these  extraordinary 
animals  appears  to  be  much  the  same  as  that  of 
the  sea,  or  very  little  inferior  to  it,  and,  in  con- 
sequence, they  are  sustained  in  it  without  diffi- 
culty. Farther,  the  saline  matter  producing  this 
density  is,  it  would  appear,  favourable  to  such 
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delicate  fleeting  forms ; it  may  tend  to  keep  them 
without  material  change  affecting  their  living 
condition,  much  in  the  same  manner  as  sea-water 
and  the  serum  of  the  blood,  which,  as  I have 
already  observed,  are  nearly  of  the  same  specific 
gravity,  preserve  unaltered  in  form  the  corpuscles 
of  the  blood,  which  may  be  considered  as  orga- 
nised primordia.  In  the  other  orders  of  living 
beings  inhabiting  the  ocean  there  are  peculiarities 
of  structure,  according  to  the  kind  of  animal, 
fitting  it  exactly  for  its  position,  not  less  remark- 
able than  those,  to  which  in  the  two  extremes  I 
have  just  alluded.  It  would  occupy  too  much 
time  and  be  out  of  place  now  to  enter  into 
details. 

All  these  living  beings  exist  in  their  watery 
element  by  means  of  the  air  contained  in  the 
water,  excepting  indeed  those  of  the  highest  class, 
that  of  the  mammalia.  The  oxygen  part  of  this 
air  we  have  seen  is  in  large  proportion.  It  is  as 
essential  to  their  existence  as  is  the  oxygen  in  the 
atmosphere  to  the  animals  that  respire  it.  Were 
they  deprived  of  the  oxygenous  part,  they,  the 
former,  wTould  perish  as  certainly  as  those,  the 
latter,  under  a similar  privation.  And  as  the 
one  class  exhales  carbonic  acid  equivalent  to  the 
oxygen  consumed,  so  it  may  be  inferred  does  the 
other. 

Moreover,  sea  plants  under  water,  exposed  to 
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the  sun’s  rays,  have,  it  has  been  ascertained,  the 
same  power  of  decomposing  carbonic  acid  gas 
which  land  plants  possess,  retaining  the  carbo- 
naceous portion  to  administer  to  their  growth, 
and  liberating  the  oxygenous  portion  for  the  use 
of  animals,  thus  forming  the  same  harmonious 
circle.  It  is  a question  even  whether  the  ocean, 
through  the  instrumentality  of  the  living  beings 
which  it  contains,  has  not  a decided  influence  in 
purifying  the  atmosphere ; or,  in  other  words, 
supplying  to  the  atmosphere  more  oxygen  than  it 
receives  from  it.  The  idea  that  it  may  do  so 
seems  to  be  formed  by  those  inquirers  who  en- 
tertain it,  in  consequence  of  having  found  so  large 
a proportion  of  oxygen  in  sea-water,  as  already 
mentioned,  and  of  some  observations  seeming  to 
indicate  that  even  infusorial  animals  in  water 
under  the  influence  of  light  decompose  carbonic 
acid  and  evolve  oxygen  in  the  same  manner  as 
the  green  leaves  of  plants.  In  mentioning  this  I 
use  terms  expressive  of  doubt,  because  the  ob- 
servations, till  confirmed  by  further  research,  can 
hardly  be  received  as  certain. 

The  carbonic  acid  which  exists,  as  we  have 
seen,  in  sea-water,  and  the  small  proportion  of 
lime  which  likewise  exists  in  it*,  dissolved  by 

* From  experiments  made  since  the  above  was  written, 
on  a homeward  voyage  from  the  West  Indies,  I am  led  to 
infer  that  carbonate  of  lime  exists  chiefly  in  sea-water,  where 
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means  of  this  acid,  though  apparently  insignificant, 
are  not  so  in  reality  ; happily  illustrating  how  in 
the  economy  of  Nature  feeble  agents,  little  at- 
tracting notice,  are  employed  in  the  production  of 
mighty  effects. 

Carbonate  of  lime  is  the  principal  ingredient 
not  only  of  the  hard  cases  of  the  numerous  order 
of  Crustacea,  including  crabs,  lobsters,  & c.,  not 
only  of  the  shells  of  the  still  more  extensive  order 
of  mollusca,  or  shell-fish,  but  also  of  the  stone-like 
receptacles  of  the  several  different  species  of 
polyps,  so  well  known  under  the  common  name 
of  coral ; animals  of  simple  forms,  minute  size, 
immoveable,  helpless,  and  individually  powerless, 
and  yet,  acting  conjointly,  millions  co-operating, 
rearing  up  structures  of  vast  magnitude,  forming 
shores  and  reefs,  the  foundations  of  islands,  and 
often  islands  themselves,  one  generation  establish- 
ing itself  on  the  dwellings  become  the  tombs  of 
that  which  preceded  it,  these,  the  stony  dwelling 
places,  or  the  receptacles  of  the  minute  animals, 
being  as  durable  as  the  creatures  themselves  are 
perishable. 

Farther,  carbonate  of  lime  is  not  only  concerned 
in  the  manner  mentioned,  but  also  in  the  produc- 

it  is  most  required  and  where  its  waste  is  most  easily  sup- 
plied, viz.  near  shore  : I sought  for  it  in  vain  in  the  unfa- 
thomable water  of  the  Atlantic  Ocean,  when  some  hundreds 
of  miles  from  any  land. 
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tion  of  rocky  formations.  It  is  probable  that 
many  such  occur  in  the  depths  of  the  ocean,  es- 
pecially when  acted  on  by  volcanic  heat.  This 
we  are  sure  of,  that  they  take  place  on  its  coasts, 
and  often  to  a great  extent,  sometimes  almost 
rivalling  in  magnitude  the  coral  formations  them- 
selves. Round  the  coast  of  this  island  (Barbados) 
there  are  many  examples  of  the  kind,  compact 
sandstone,  consisting  of  sea-sand,  whatever  it  may 
be,  whether  entirely  of  comminuted  shell  and  coral, 
or  partly  siliceous,  cemented  by  carbonate  of  lime. 

It  is  worthy  of  remark,  that  such  sandstone  is 
most  commonly  found  to  occur  where  a barrier  ;i 
for  the  protection  of  the  land  is  most  required,  1 
viz.  where  the  waves  break  with  greatest  violence. 
And  a reason  may  be  assigned  for  this:  the  car- 
bonate of  lime  is  held  in  solution  by  means  of  the 
acid  gas  already  mentioned;  it  acts  only  when 
precipitated ; the  agitation  of  the  water  promotes 
the  escape  of  the  gas  and  the  precipitation  of  the 
lime  required,  and  the  heat  of  the  sandy  shore 
aids  in  the  effect. 

The  operations  of  Nature  are  often  suggestive, 
affording  hints  for  imitation  in  the  useful  arts.  It 
is  probable  that  this  mode  of  the  formation  of 
sandstone  might  be  adopted  economically  for  the 
making  of  stone  for  the  purposes  of  building. 
Were  sand  introduced  into  a mould  of  any  form 
required,  whether  for  a column  or  a square  block, 
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and  water  poured  on  it  containing  carbonate  of 
lime  dissolved  by  carbonic  acid,  it  can  hardly  be 
doubted  that  the  carbonate,  as  deposited  on  the 
escape  of  the  gas,  would  act  as  a cement  and  con- 
vert the  loose  sand  into  compact,  firmly-united 
stone. 

Where  the  new  formation  of  rock  just  before 
described  is  not  in  progress,  where  the  sea-sand 
remains  loose,  even  there,  it  is  worthy  of  remark, 
it  is  not  without  use.  When  formed  of  commi- 
nuted shells,  as  such  sand  commonly  is,  it  consti- 
tutes an  admirable  material  for  the  improvement 
of  many  soils,  especially  stiff  clay  soils  deficient 
in  lime.  This  sand  is  produced,  as  you  are  aware, 
chiefly  by  the  violent  action  of  the  waves,  exer- 
cising apparently  a destructive  power,  and  yet, 
even  in  thus  acting,  the  consequences  we  see  are 
beneficial.  And  were  we  to  consider  them  more 
minutely,  that  is,  the  good  resulting  from  sand  so 
formed  and  from  the  girding  beaches  consisting  of 
it,  we  should  find  the  effects  to  be  various,  and 
not  a little  important,  and  more  than  compensating 
for  the  wrecking  violence  occasionally  witnessed 
in  the  storm  and  hurricane  when  the  waves  are 
in  largest  volume,  in  most  rapid  motion,  and 
exercising  in  consequence  their  greatest  power. 

At  first  view  it  might  be  imagined,  reflect- 
ing on  the  vast  expenditure  of  carbonate  of 
lime  constantly  taking  place  in  the  living  and 
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cleacl  operations  thus  brought  to  your  notice, 
that  ere  long  the  supply  even  in  the  ocean 
must  be  exhausted.  But  there  is  a provision 
against  this,  as  simple  as  it  is  efficacious.  The 
waters  that  have  exhaled  from  the  ocean,  in 
returning  to  it,  whether  directly  from  the  atmo- 
sphere in  rain,  or  indirectly  in  rivers,  always  bring 
a supply  of  carbonic  acid;  not  a drop  of  rain 
is  destitute  of  it ; not,  under  ordinary  circum- 
stances, the  smallest  portion  of  river  water ; and 
the  living  beings  in  the  waters  of  the  ocean  ex- 
hale carbonic  acid,  equivalent,  it  may  be  in- 
ferred, to  the  oxygen  they  absorb  in  performing 
the  function  analogous  to  respiration.  The 
carbonic  acid  contained  in  the  sea-water  de- 
rived from  these  sources,  acts  on  the  limestone 
rocks,  where  the  water  is  deeper  than  on  the 
shallow  shores,  and  cooler  and  less  disturbed,  and 
removes  a portion  of  them  by  solution  ; and  thus 
helps  to  supply  the  expenditure  of  this  material. 
The  steep  cliffs  of  Barbados,  where  washed  by 
comparatively  deep  water,  as  they  are  in  many 
places,  afford  as  good  and  as  striking  examples  of 
this  wearing  destructive  influence  by  the  removal 
of  carbonate  of  lime  by  means  of  carbonic  acid, 
as  some  of  the  shallow  portions  of  your  shores 
do  of  a contrary,  a formative  influence,  from  a 
deposition  of  carbonate  of  lime  connected  with 
the  escape  of  the  same  acid  gas. 
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Amongst  the  constituents  of  sea- water,  iodine 
and  bromine  have  been  mentioned  as  existing  in 
very  minute  quantities,  in  combination  with  alka- 
line metals  (bromine,  it  is  inferred,  chiefly  in 
combination  with  magnesium)  so  minute  as  to  be 
detected  with  difficulty.  Yet  even  these  perform 
a part,  it  may  be  concluded,  not  unimportant. 
With  phosphate  of  lime,  and  probably  a very 
minute  portion  of  ammonia,  they  appear  to  be 
separated  by  sea  plants  in  the  act  of  vegetation, 
and,  entering  into  their  composition,  promote  their 
growth.  It  is  in  these  plants,  consequently,  that 
they  become  stored  up,  especially  iodine ; and 
thus  stored  up,  it  is  easily  obtained. 

Before  you  is  a specimen  of  the  compound 
in  which  iodine  is  found  in  the  ashes  of  certain 
of  these  plants.  If  this  white  saline  body  be 
mixed  with  a little  black  oxide  of  manganese, 
adding  a portion  of  sulphuric  acid,  and  applying 
heat,  a decomposition  will  be  effected,  a sulphate 
of  potash  will  be  formed,  consisting  of  potas- 
sium, oxygen,  and  sulphuric  acid,  and  the  iodine 
previously  united  to  the  alkaline  metal  [the  po- 
tassium] will  be  liberated. 

The  uses  of  these  substances  do  not,  any  more 
than  the  uses  of  common  salt,  terminate  in  the 
part  they  perform  in  the  ocean ; they  have  ulterior 
uses ; iodine  we  know  has,  and  bromine  probably 
has.  The  former  in  admixture  with  common  salt 
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in  excessively  minute  proportion  appears  to  have 
a salutary  effect  on  the  constitution,  particularly 
in  the  prevention  of  scrofulous  ailments;  and 
when  extracted,  either  pure  or  in  certain  com- 
binations, it  proves  a powerful  medicine,  service- 
able in  many  serious  forms  of  disease. 

In  this  their  manifold  capacity  — first  sub- 
servient to  vegetable  growth ; next,  when  thus 
collected  in  plants,  in  store  for  application  to 
other  uses,  we  have  another  example  of  that  bene- 
ficence which  we  witness  in  every  department  of 
Nature  — in  the  atmosphere,  in  the  earth,  and 
not  less  conspicuously  in  the  ocean ; good  within 
good,  sequences  of  benefits.  How  admirable  it 
is  that  the  same  fluid  mass,  readily  yielding  and 
yet  supporting,  should  insulate  countries,  and,  at 
the  same  time,  facilitate  the  communication  of 
country  and  country;  should  afford  protection, 
and  yet  render  commerce  easy ; should  equally 
mitigate  the  extremes  of  heat  and  cold ; and  from 
its  several  elements  should  supply  the  earth  with 
fresh  water,  its  inhabitants  with  a condiment 
almost  as  indispensablte,  and  with  valuable  me- 
dicines ; its  shores  with  rocky  barriers  where 
most  required  against  the  encroachment  of  the 
waves;  these  waves,  by  their  comminuting  ac- 
tion, a useful  manure  in  the  sand  which  they 
produce  and  throw  up ; a large  class  of  aquatic 
animals  with  strong  and  secure  dwellings ; and 
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these,  and  all  the  other  numerous  races  of  living 
things,  its  inmates,  with  vital  air,  the  consump- 
tion of  which  by  them  furnishes  food  for  its 
plants;  and  they,  the  plants,  in  their  turn,  re- 
storing the  vital  air,  not  only  to  the  ocean,  but 
even  it  may  be  to  the  atmosphere,  to  preserve  a 
wholesome  balance.  How  admirable,  indeed,  is 
all  this ! To  the  reflecting  mind  it  constitutes,  I 
cannot  but  think,  the  most  remarkable  of  the 
wonders  of  the  “ great  deep,”  and  demonstrative 
of  design  of  a marvellous  kind;  or,  in  other 
words,  only  of  such  as  we  can  imagine  to  be 
Divine. 

In  the  introductory  lecture,  amongst  the  uses 
of  Chemistry  recommending  the  study  of  the 
science,  I have  alluded  to  its  connection  with  the 
economy  of  Nature.  In  the  subsequent  ones  on 
the  Atmosphere  and  the  Earth,  and  in  this  on 
the  Ocean,  I have  entered  into  some  particulars 
— briefer,  indeed,  than  I could  wish  — - in  illus- 
tration. If  in  the  smallest  degree  successful  in 
the  attempt,  you  must  be  convinced  of  the  im- 
portance of  the  study,  if  considered  only  as  a 
branch  of  liberal  education,  as  a means  of  obtaining 
the  most  interesting  information  concerning  our 
globe,  and  as  a source,  let  me  add,  of  high  and  of 
pure  intellectual  enjoyment.  A great  living  poet  * 

* See  Preface  to  the  2d  edition  of  the  Lyrical  Ballads, 
by  Win.  Wordsworth. 
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has  happily  pointed  out  the  line  of  demarcation 
between  Poetry  and  Science,  and  the  relation  of 
one  to  the  other ; how  when  scientific  truths  are 
rendered  familiar,  they  belong  to  the  domain  of 
poetical  thought  and  feeling,  and  become  fit  ma- 
terials for  metrical  composition.  No  science,  I 
believe,  is  better  adapted  than  Chemistry  to  bring 
about  this  familiarity,  and  in  so  doing  to  heighten 
our  taste  of  the  beauties  of  the  outward  world, 
viewing  them,  as  with  such  acquired  knowledge 
we  necessarily  must,  not  merely  as  objects  of 
agreeable  sensations,  but  intelligently,  as  parts  of 
a system  in  which  the  charm  of  beauty  is  always  ' 
combined  with  that  of  usefulness ; as  parts  of  a 
system  in  which  there  is  order  in  the  midst  of  the 
most  apparent  disorder,  and  design  manifested 
where,  without  such  knowledge,  it  never  could 
be  perceived  or  even  suspected. 
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TO 

THE  PRESIDENT  AND  MEMBERS 
OF  THE  GENERAL  AGRICULTURAL  SOCIETY  OF 
BARBADOS,  AND  OF  THE  SEVERAL 
DISTRICT  AGRICULTURAL  SOCIETIES  OF 
THE  SAME  ISLAND. 


Gentlemen, 


As  the  following  discourses  relate  specially  to 
the  important  pursuits  in  which  you  are  engaged, 
and  as  they  were  delivered  at  the  successive 
half-yearly  meetings  of  the  General  Agricultural 
Society,  of  which  most  of  you  are  members,  there 
appears  to  me  to  be  a propriety  in  dedicating 
them  to  you. 

Other  motives,  besides,  influence  me  in  inscrib- 
ing  them  to  you — motives  of  grateful  feeling  and 
respect  towards  you,  individually  and  collectively 
' — grateful  feeling  for  the  many  kind  attentions  I 
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experienced  from  your  members  during  the  three 
years  and  a half  I was  amongst  you  — a feeling 
of  respect  for  what  I witnessed  in  the  proceed- 
ings at  your  meetings,  in  the  intelligence,  enter- 
prise, and  anxious  desire  to  improve  tropical 
agriculture  there  exhibited;  and,  moreover,  for 
the  liberal  and  generous  sentiments  expressed  on 
all  suitable  occasions  in  the  discussions  which 
took  place,  whether  at  the  sedate  time  of  business 
before  dinner,  or  after  the  good  cheer  of  that 
meal  and  the  cheering  glass  — “ cheering,  not 
inebriating  ” — that  followed  it. 

I shall  long  remember  the  last  time  I had 
the  honour  and  pleasure  of  being  present  at  one 
of  your  monthly  meetings,  viz.  that  of  the  St. 
Thomas  District  Agricultural  Society,  which  took 
place  in  October,  at  Lion  Castle,  the  elevated 
and  pleasantly  cool  residence  of  the  worthy  pre- 
sident of  the  Society,  John  Ellis,  Esq.  I shall 
not  trust  myself  to  advert  to  the  kind  compli- 
ments that  were  paid  to  me  on  the  occasion,  on 
my  taking  leave,  and  in  responding  to  which  I 
could  not  do  justice  to  my  feelings  at  the  instant; 
but  I may  indulge  myself  with  here  noticing, 
and  in  aiding  to  bring  to  public  notice,  the  testi- 
mony you  then  offered  of  respect,  regard,  and 
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of  gratitude  to  your  late  governor,  Lieut.-Col. 
Reid.  Never  did  I witness  a health  proposed 
more  warmly,  or  drunk  more  cordially,  or  more 
disinterested  encomiums  and  higher  praise  be- 
stowed. I regretted  there  was  not  a reporter 
present  to  make  a record  of  what  was  said,  ex- 
pressive of  the  feeling  entertained  towards  a retired 
governor,  who,  from  a high  sense  of  duty,  had 
tendered  his  resignation  when  all  ordinary  mo- 
tives, especially  of  interest,  would  have  prompted 
a continuance  in  office.  The  manner  in  which, 
not  only  one  member  after  another,  but  several 
at  a time,  rose  to  give  utterance  to  what  all 
felt,  was  characteristic  of  the  enthusiasm  that 
prevailed,  — the  result  of  individual  exertion 
in  a high  situation,  intent  on  doing  good 
and  with  effect,  and  in  the  least  ostentatious 
way  possible.  The  generous  manner  in  which 
the  Society  appreciated  such  peculiar  merit 
impressed  me  at  the  moment,  by  a kind  of 
reflex  action,  as  most  creditable  to  its  members ; 
and  may  I be  permitted  to  say,  high  as  they 
stood  before  in  my  estimation,  raised  them  in  it 
still  higher,  and  gave  confidence  that  where  so 
much  of  worth  existed,  so  unexceptionably  de- 
noted in  the  admiration  of  worth,  despair  should 
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be  the  last  feeling  to  be  entertained  regarding  the 
destinies  of  your  island,  all  history  tending  to 
prove  to  demonstration  that  no  country  as  a body 
politic,  whether  small  or  great,  has  declined  and 
fallen  where  there  has  been  the  support  afforded 
that  private  virtue  and  public  insures — the  latter 
the  aggregate  of  the  former.  That  Barbados 
may  be  another  example  of  the  kind,  and  especi- 
ally instructive  and  encouraging  to  the  neigh- 
bouring colonies,  is  alike  my  ardent  wish,  and 
sanguine  hope. 

With  much  respect  and  esteem, 

I remain,  Gentlemen, 

Your  obedient,  humble  servant, 

John  Davy. 


Lesketh  How,  near  Ambleside, 
January  31.  1849. 
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The  following  Discourses  were  published  sepa- 
rately immediately  after  their  delivery,  at  the 
request  of  the  General  Agricultural  Society 
before  whom  they  were  read.  A reprint  is  now 
given  of  them  collectively,  at  the  suggestion  of 
some  of  the  members.  The  Author  has  availed 
himself  of  the  occasion  to  make  a few  additions 
which  further  experience,  or  more  correct  in- 
formation obtained,  required. 

The  reader  — should  they  be  honoured  by  being 
looked  into  by  others  than  those  for  whom  they 
were  first  intended  — will  be  pleased  to  remember 
that  they  were  written,  as  their  name,  “ Dis- 
courses,” implies,  for  particular  occasions,  and  as 
much  for  the  purpose  of  endeavouring  to  promote 
inquiry  on  important  subjects,  and  even  more, 
than  for  imparting  information  to  those  who  had 
studied  the  subjects. 

It  has  been  stated  in  the  Preface  to  the  pre- 
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ceding  Lectures,  that  the  formation  of  agricul- 
tural societies  may  be  considered  amongst  the 
proofs  of  an  increasing  intelligence  in  the  West 
Indies,  and  desire  for  improvement.  The  history 
of  the  societies  which  have  been  formed  in  Bar- 
bados corroborates  this ; and,  further,  the  im- 
portant fact,  that  so  long  as  there  was  little  induce- 
ment to  exertion,  little  exertion  was  made ; few 
or  no  improvements  were  attempted  ; and  that  the 
established  system,  excepting  at  intervals,  having 
been  remunerative,  an  easy  content  was  commonly 
and  naturally  the  consequence.  The  period  al- 
luded to  was  that  which  preceded  the  abolition  of 
the  slave  trade  in  the  British  colonies.  That 
important  preliminary  measure  led  reflecting 
minds  to  the  consideration  of  its  consequences, 
and  to  the  persuasion  of  the  necessity  of  adopting 
measures  to  meet  them. 

Under  the  incitement  thus  afforded,  the  first 
attempt  was  made  to  form  an  agricultural  society 
in  Barbados.  It  was  instituted  on  the  8th  of 
December,  1804,  under  the  name  of  “ The  So- 
ciety for  the  Improvement  of  Plantership.”  Its 
first  president,  who  was  also,  it  is  understood,  its 
founder,  was  Dr.  Holder,  a man  of  no  common 
mind  or  scientific  attainments.  Its  first  secretary 
was  Mr.  Moody,  the  mathematical  teacher  in 
Codrinofton  College,  and  who  was  its  first  ho- 
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norary  member,  now  a Lieut.-Colonel  in  the 
Corps  of  Royal  Engineers.  Amongst  the  mem- 
bers, limited  to  thirteen,  were  individuals  distin- 
guished for  their  worth  and  abilities,  most  of 
whom  have  filled  high  public  situations  in  the 
colony.  The  useful  objects  of  the  Society  were 
but  very  imperfectly  denoted  by  its  designation. 
From  the  minutes  of  its  proceedings  which  are 
now  before  me,  from  its  foundation  to  the  year 
1816,  for  which  I am  indebted  to  the  liberal 
kindness  of  Captain  Senhouse,  R.N.,  and  of 
Dr.  Clarke,  it  appears  that  the  culture  of  the 
land,  in  its  widest  acceptation,  had  their  atten- 
tion, and  equally  the  care  and  improvement  of 
stock,  inclusive  of  slaves. 

In  their  minutes,  a great  deal  of  useful  in- 
formation is  brought  together,  partly  in  written 
communications,  partly  the  results  of  the  experi- 
ence of  the  members  communicated  in  conversa- 
tion. On  the  condition  of  the  negroes,  their  dis- 
eases, and  decrease  from  the  deaths  exceeding  the 
births,  with  suggestions  of  a remedial  kind,  there 
are  two  important  papers;  one  contributed  by 
Dr.  Jones,  who  had  acquired  early  and  lasting 
fame  by  his  researches  on  the  arteries ; the  other 
by  Dr.  Caddell,  then  an  eminent  practitioner  in 
Barbados.  Both  contributors  are  equally  dis- 
tinguished for  the  humanity  displayed,  and  for 
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the  medical  knowledge.  On  the  same  subject 
there  is  an  excellent  report  of  a committee, 
also  remarkable  for  humane  feeling  and  strong 
good  sense  in  the  measures  recommended,  likely 
to  render  the  negroes  more  healthy,  cheerful, 
less  addicted  to  vice,  longer  lived,  and  more 
prolific. 

That  the  society  was  of  eminent  use  can  hardly 
be  doubted.  It  appears  to  have  set  the  example, 
to  have  led  the  way  in  every  kind  of  improve- 
ment, such  as  the  greater  use  of  implemental 
husbandry,  greater  attention  to  the  cattle,  to  the 
rotation  of  crops  and  the  growing  of  provisions, 
to  the  making  and  applying  of  manures,  to  the 
improvement  of  the  public  roads,  and  to  the  pri- 
vate roads  of  estates,  to  the  manufacturing  pro- 
cesses in  the  instances  of  sugar  and  rum ; and, 
most  of  all,  inattention  to  the  negroes, — an  atten- 
tion that  was  rewarded  by  their  preservation, 
then  a matter  of  paramount  concern,  and  to 
which  competent  judges  attribute  in  great  mea- 
sure the  abundant  supply  of  labour  Barbados 
now  possesses.  It  is  worthy  of  remark  at  the 
same  time,  that  their  efforts  on  the  score  of  im- 
provement towards  the  negroes  were  character- 
istic of  the  time  and  of  the  slave  condition  of  the 
people.  Considered  as  stock,  much  the  same 
rules  were  inculcated  for  their  amelioration  as  for 
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any  other  species  of  stock.  Better  food  was  pro- 
posed for  them,  better  clothing,  less  severity  of 
work,  kinder  treatment,  the  establishment  of 
estate  infirmaries  and  nurseries,  and  the  having 
the  best  medical  advice  ; but  no  suggestions  were 
offered  for  the  opening  of  schools,  for  attend- 
ance at  church,  for  the  aid  of  the  ministers  of  re- 
ligion; in  brief,  not  a single  measure  was  sug- 
gested directed  to  the  culture  of  their  minds. 
The  efforts,  as  before  mentioned,  had  solely  in 
view  the  ameliorating  of  the  animal  condition, 
the  preservation  of  health,  and  their  increase. 
Even  these  exertions  in  favour  of  the  slaves 
barely  attained  the  object  in  view ; they  seem 
merely  to  have  succeeded  so  far  as  to  stop  the 
excess  of  mortality  over  the  births,  and  the  pre- 
servation of  the  race,  the  extinction  of  which,  as 
already  observed,  was  then  matter  of  appre- 
hension. 

This  society  continued  in  existence  up  to  a 
late  period.  It  was  dissolved,  about  five  years 
ago,  and  in  consequence,  it  is  understood,  of 
some  of  its  most  influential  members  having  re- 
turned to  England.  Its  early  period,  as  com- 
monly happens,  the  period  of  its  youth,  was  that 
of  its  energy  and  greatest  usefulness,  when  the 
minds  of  the  members  were  fresh  and  unex- 
hausted, their  hopes  sanguine,  and  disappoint- 
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ment  unknown,  with  an  ample  rich  field  before 
them  for  their  labours. 

The  next  society  formed  was  that  of  St. 
Phillip’s  District  Agricultural  Society.  It  was 
commenced  in  1843.  The  originator  of  it  was 
W.  M.  Howard,  Esq.,  who  long  presided  over  its 
interests,  and  who  on  resigning  the  office  of  pre- 
sident, after  taking  up  his  abode  in  a distant 
parish,  was  honoured  with  a public  dinner,  in 
acknowledgement  of  the  able  manner  in  which  he 
had  performed  his  presidential  duties. 

This  society  was,  it  is  believed,  also  eminently 
useful,  especially,  like  the  preceding,  in  its  early 
exertions,  and  particularly  those  directed  to  ame- 
liorate the  condition  of  the  labourers  as  men,  as 
thinking,  responsible,  moral  beings,  a part  of  the 
community,  in  contradistinction  to  what  they  had 
previously  been  considered,  that  is,  before  their 
emancipation  from  slavery.  In  these  exertions, 
the  interests  of  both  parties,  the  proprietors  and 
labourers,  were  attended  to,  on  the  sound  prin- 
ciple that  they  cannot  be  disunited  without  in- 
jury to  both  classes. 

The  third  society  that  was  instituted  was  that 
of  St.  Thomas’s  District  Agricultural  Society, 
already  alluded  to,  under  the  presidentship  of 
John  T.  Ellis,  Esq.  It  was  commenced  in  March, 
1845. 

The  fourth  in  succession  as  to  time  was  that  of 
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the  General  Agricultural  Society,  which  held  its 
first  half-yearly  meeting  in  June,  1846,  presided 
over  by  the  then  President  of  the  Council,  the 
Honourable  J.  Byecroft  Best,  a gentleman  dis- 
tinguished for  his  independant  public  spirit,  and 
one  of  the  leading  members  of  the  first  agricul- 
tural society. 

The  society  last  formed,  viz.  in  the  year  1846, 
is  that  designated  the  District  Leeward  Society, 
composed  of  gentlemen  chiefly  residing  in  the 

I parishes  St.  Lucy  and  St.  Peter,  constituting 
from  their  position  a district  almost  apart.  Its 
president  is  the  Honourable  Dr.  Goding,  dis- 
tinguished by  his  scientific  acquirements ; its 
treasurer  is  Mr.  Briggs,  a gentleman  who  has 
deservedly  acquired  a high  name  as  a skilful  and 

{successful  planter,  and  one  to  whom  the  agri- 
culture of  Barbados  is  under  no  inconsiderable 
obligations,  on  account  of  the  improved  methods 
which  he  has  been  instrumental  in  introducing. 
Nor  should  mention  be  omitted,  that  the  founding 
of  this  society  was  chiefly  owing  to  the  sugges- 
tions of  Dr.  Phillips,  whose  writings  on  tropical 
agriculture  have  been  so  well  timed,  judicious, 
and  useful. 

The  plans  and  objects  of  the  three  District 
societies  have  been  very  similar,  and  also  very 
similar  to  those  of  the  first  society,  the  rules  of 
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which  they  have  generally  adopted.*  The  meet- 
ings have  been  monthly,  taking  place  on  the 
estates  of  the  several  members  in  succession, 
nearly  an  entire  day  being  devoted  to  the  occa- 
sion. The  first  duty  is  the  inspection  of  the 
estate  throughout,  the  examination  of  the  crops, 
of  the  cattle,  and  of  the  works.  This  is  per- 
formed by  the  members  generally,  who  commonly 


* According  to  the  printed  rules  of  this  society,  formed 
on  its  institution,  its  members  were  to  be  confined  to  gen- 
tlemen who  superintended  or  took  a part  in  the  management 
of  their  own  estates  ; their  meetings  were  to  be  monthly,  at 
each  other’s  houses  in  succession,  commencing  at  seven 
o’clock,  assembling  to  breakfast,  dining  at  three.  The  order 
of  business  was  : “ 1st.  To  ride  round  the  estate  of  the  en- 
tertaining member  ; 2ndly.  To  discuss  the  topics  previously 
agreed  upon  (having  in  view  a complete  system  of  manage- 
ment) ; to  communicate  the  results  of  experiments,  and  to 
determine  upon  those  of  the  succeeding  meeting ; 3dly.  To 
read  and  discuss  the  communications  received  by  the  society ; 
4thly.  To  converse  on  such  subjects  as  the  examination  of 
the  estate  will  naturally  produce  ; 5thly.  To  settle  private 
business.”  In  addition,  some  time  after  a report  was  made 
on  the  condition  of  the  estate  on  which  the  meeting  took 
place,  its  merits  and  defects,  with  suggestions,  when  needed, 
for  its  improvement.  There  were  no  subscriptions,  but 
there  were  fines  for  nonattendance  of  members,  if  not  rea- 
sonably accounted  for  in  writing.  There  was  no  restriction 
as  to  the  election  of  new  members,  on  vacancies  occurring, 
on  account  of  locality.  The  society  was  the  agricultural 
society  of  the  island,  and  exercised  an  influence  throughout 
the  island  of  a beneficial  kind. 
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assemble  about  eleven  o’clock.  It  is  followed  by  an 
examination  by  an  appointed  committee  of  the  pro- 
ceedings on  the  estate,  the  amount  of  labour,  the 
cost  and  kinds  of  manure,  the  quantity  of  provisions 
grown,  of  sugar,  rum,  and  molasses  made,  with 
other  particulars  relating  to  management.  Founded 
on  this  inquiry,  a report  is  drawn  up  by  the  com- 
mittee embodying  the  results,  expressing  their 
opinion  thereon,  good  or  otherwise,  as  they  may 
decide  on  the  several  particulars.  The  report  is 
read  by  the  secretary  to  the  assembled  members  ; 
and  some  discussion  commonly  follows  it.  Papers 
on  agricultural  subjects,  when  submitted  by  mem- 
bers, are  next  read,  and  their  subjects  discussed ; 
or  subjects  proposed  for  consideration  at  a former 
meeting  are  considered  and  discussed.  An  early 
dinner  follows,  commencing  generally  at  five 
o’clock  ; and  the  party  commonly  separate  about 
eight.  Strangers  and  honorary  members  are 
generally  invited  to  the  party,  and  in  the  St. 
Thomas  and  Leeward  Societies  are  not  par- 
takers merely  of  the  good  cheer  of  the  dinner- 
table,  but,  what  is  better,  are  present  at  and  may 
take  a part  in  the  preceding  discussions.  Yet 
the  dinner  is  not  to  be  spoken  of  disparagingly. 
It  is  hospitably  and  liberally  conducted,  and  in 
good  taste,  in  the  West  Indian  manner,  various 
plates  of  tropical  fruit,  with  flowers,  being  inter- 
mixed with  the  dishes.  The  after  part  is  the 
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most  marked  part,  which  is  also  of  a very  mis- 
cellaneous nature  ; now  a health  is  drunk,  now  a 
discussion  is  entered  upon  regarding  some  agri- 
cultural subject  of  interest,  which  a toast  may 
have  given  rise  to,  with  the  occasional  interrup- 
tion or  interlude  of  a song.  One  meeting  of  the 
twelve,  the  anniversary,  is  commonly  more  formal 
than  the  others.  Then  the  yearly  report  of  the 
Society  is  read,  giving  an  account  of  its  proceed- 
ings, a report  which  is  published,  and  to  which  is 
appended  the  papers  that  have  been  contributed. 

The  General  and  Agricultural  Society,  besides 
the  president  and  ordinary  officers,  has  a council, 
the  managing  body,  formed  of  a certain  number 
of  its  members.  Many  of  the  members  belong 
to  the  district  societies.  As  the  objects  of  the  latter 
are  chiefly  local,  so  those  of  the  general  society, 
as  it  name  implies,  relate  to  the  agriculture  of  the 
island  at  large.  The  half-yearly  meetings  it  wTas 
intended  should  take  place  in  different  parts  of  the 
island,  and  be  accompanied  by  ploughing  matches 
and  exhibitions  of  cattle  with  .prizes,  to  be  con- 
cluded by  a dinner.  This  plan  was  carried  into 
effect  at  the  three  first  meetings.  On  each  oc- 
casion the  governor,  the  patron  of  the  society, 
honoured  the  meeting  by  his  presence,  and  joined 
the  evening  dinner  party.  The  two  last  meetings, 
owing  to  the  depressed  state  of  affairs,  were  so 
conducted  as  to  entail  no  expense,  and  in  eonse- 
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quence  the  ploughing  matches  and  cattle  shows 
were  given  up  for  a time.  The  meeting  assembled 
not  on  a distant  estate,  but  in  the  Town  Hall  of 
Bridgetown,  heard  the  report  read,  and  such  papers 
as  were  brought  forward ; an  altered  arrange- 
ment, it  may  be  observed,  strongly  exemplifying 
that  state  of  depression  which  led  to  it,  and  to 
which  the  island  was  suddenly  brought,  in  com- 
mon with  all  the  other  West  Indian  colonies,  from 
various  unfavourable  circumstances  co-operating. 

The  General  Agricultural  Society  has  provided 
a reading-room  in  Bridgetown  for  the  use  of  its 
members,  where  the  principal  agricultural  journals 
are  taken  in ; where  a library  is  forming,  and  a 
collection  of  agricultural  instruments.  Subscrip- 
tions, very  moderate  in  amount,  are  paid  by  the 
members  both  of  the  district  societies  and  of  the 
General  Society.  The  business  of  each  is  con- 
ducted gratuitously ; no  officer  of  either  is  paid. 
The  officers  of  the  General  as  well  as  of  the  dis- 
trict societies  are  a president,  vice-president, 
treasurer,  and  secretary  ; and,  in  one  or  two,  a 
corresponding  secretary  as  well. 

Such  is  a brief  sketch  of  these  societies  and 
their  meetings.  That  they  have  been  of  service 
in  the  cause  of  agriculture  cannot  be  questioned. 
At  the  same  time  it  may  be  admitted,  that  they 
have  not  done  all  the  good  that  wras  perhaps  too 
sanguinely  expected  from  them.  Hence  some 
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disappointment  has  followed,  and  a result  of  that 
has  been  that  some  members  have  withdrawn ; 
and  at  least  one  of  the  societies  has  not  had  the 
support  it  needed,  and  has  fallen  into  a state  of 
depression. 

Surely  this  is  to  be  regretted,  especially  at  a 
time  like  the  present,  when  such  societies,  if 
vigorously . conducted,  ought  to  be  most  useful. 
Besides  their  utility  in  relation  to  agriculture, 
are  there  not  other  ways  in  which  they  are,  or 
may  be,  useful  — socially,  politically,  morally  ? 
They  bring  together  men  of  varied  experience, 
of  different  views  and  sentiments ; knowledge  is  > 
communicated  and  exchanged  in  conversation ; a 
friendly  social  feeling  is  engendered  and  kept  up ; 
generous  sentiments  are  expressed,  and  an  elevat- 
ing tone  of  feeling  is  promoted.  No  where  have 
I ever  heard  the  true  interests  of  the  labourers 
better  supported  than  at  one  of  these  meetings, 
with  the  desire  of  improving  their  condition  as 
men,  morally  and  intellectually  viewed.  And  no- 
where have  I ever  witnessed  so  little  disposition 
to  adulation,  and  a greater  regard  and  respect, 
and  generosity  in  expressing  the  feeling  to  de- 
parted merit,  as  instanced  in  the  case  of  the 
ex-governor-general  Beid.  I say  departed;  an 
ex-governor,  be  it  remembered,  in  the  colonies, 
being,  in  relation  to  their  interests,  little  different 
from  one  deceased. 
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Farther,  I am  confident  that  these  societies  are 
useful,  and  have  been  eminently  useful,  in  ex- 
citing to  inquiry,  in  calling  forth  the  energies  of 
young  men,  and  in  imparting  to  agriculture  a 
scientific  and  higher  character  in  consequence, 
than  if  followed  merely  as  an  art.  The  papers 
that  have  been  contributed  lately  to  the  “ Agri- 
cultural Reporter,”  as  well  as  those  which  have 
been  read  at  the  meetings  of  the  several  societies, 
may  be  added  in  proof  of  the  correctness  of  these 
remarks.  In  one  of  the  last  numbers  of  the 
“ Reporter”  the  subject  of  wide  planting  is  so 
treated  by  a young  agriculturist,  a member  of 
St.  Thomas’s  Agricultural  Society,  in  which  the 
principles  of  science,  even  as  regards  the  forma- 
tion of  dew  from  radiation,  are  brought  forward 
in  support  of  the  improved  views  which  he  ad- 
vocates; and  other  like  examples  might  be  re- 
ferred to. 

It  is  almost  a truism  to  observe,  that  the  con- 
dition of  a community  is  most  strongly  marked  by 
its  moral  and  intellectual  state  ; that  that  society 
in  which  most  of  mental  energy  and  ability  is 
exerted,  — where  the  arts  and  sciences  are  most 
advanced  — the  indications  of  such  exertion, — in 
which  morals  are  purest,  the  virtues  most  active, — 
must  comparatively  stand  high  in  influence,  hap- 
piness, and  prosperity  ; — and  vice  versa.  It  is 
the  mental  culture  — moral,  religious,  intellectual, 
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which  mainly  distinguishes  one  period  from  an- 
other. Such  culture  is  the  great  desideratum  in 
the  W est  Indies ; and  these  societies  have  not,  I 
am  confident,  been  inoperative  in  breaking  ground, 
and  making  a beginning  in  the  important  labour. 
A new  era,  it  is  to  be  hoped,  is  opening  in  the 
West  Indies,  in  relation  to  society,  its  desires,  and 
wants,  and  attainments,  — when  the  main  con- 
sideration will  not  be  material  wealth  and  the 
fleeting  pleasures  of  sense ; when  life  will  be  more 
rationally  passed  by  the  majority,  and  more 
moderately  than  heretofore,  with  more  of  comfort, 
of  refinement,  and  of  real  enjoyment ; and  when 
the  advantages  of  the  few  will  not  be  almost  exclu- 
sively considered,  but  the  good  of  the  whole ; and, 
lastly,  when  the  distinction  of  colour — established 
during  slavery  — will  be  abolished,  and  that  of 
merit  rather,  so  far  as  the  imperfections  of  human 
nature  permit,  be  substituted  for  it.  And  that 
such  hopes  are  not  entirely  baseless,  it  is  believed 
may  be  inferred  from  the  circumstance,  that,  even 
as  thus  strongly  expressed,  they  will  not  be 
considered  by  reflecting  well-disposed  persons 
who  have  watched  the  progress  of  events  during 
the  last  fifty  years,  as  by  any  means  visionary 
and  Utopian. 


FIVE  DISCOURSES 


DELIVERED  BEFORE  THE 

GENERAL  AGRICULTURAL  SOCIETY  OF  BARBADOS, 


DISCOURSE  I. 

ON  AGRICULTURE  IN  ITS  SCIENTIFIC  RELATIONS. 

Gentlemen,  — You  having  in  your  kindness 
done  me  the  honour  of  making  me  a member  of 
your  Society,  the  least  I can  do  to  express  my 
grateful  feeling  is  to  endeavour  to  aid  in  pro- 
moting the  important  object  for  which  you  have 
come  together  ; viz.  the  advancement  of  Agricul- 
ture in  Barbados. 

A stranger  amongst  you,  with  little  experience 
in  the  peculiar  agriculture  of  the  Tropics,  and 
especially  of  the  West  Indies,  it  may  appear  pre- 
sumptuous in  me  to  come  forward  even  in  the 
manner  I have  mentioned  to  afford  some  little 
assistance  in  the  common  cause : I say  it  may 
appear  so,  but  I trust  only  on  a hasty  view  of  the 
subject, — as  besides  experience  in  agriculture, — 
in  the  cultivation  of  certain  crops  empirically,  — 
there  is  a knowledge  connected  with  general 
principles,  not  of  less  importance,  and  which 
may,  and  ought  to  be,  if  not  already,  made  avail- 
able. The  processes  of  art,  I may  remark,  require 
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to  be  tested  by  the  methods  of  science.  It  was 
by  so  doing  that  the  late  Mr.  Watt  was  enabled 
to  improve  the  steam  engine,  — the  application  of 
which  to  useful  purposes  has  constituted  a new 
era  in  human  industry.  Had  that  distinguished 
man  been  ignorant  of  the  doctrine  of  latent  heat, 
he  could  never  have  accomplished  what  he  did ; — 
he  never  could  have  perfected  that  instrument 
which,  it  has  been  calculated,  with  the  machinery 
put  in  motion  by  it,  in  England  alone,  accom- 
plishes work  equal  to  the  direct  labour  of  at 
least  300  millions  of  men  ! 

Lighting  by  gas  affords  another  instance  of  fl 
the  vast  advantage  to  be  derived  from  the  applica- 
tion of  scientific  knowledge  and  methods  to  the 
processes  of  art.  When  gas  was  first  employed 
for  this  purpose,  as  in  the  iron  works  of  Lord 
Dundonald, — the  father  of  the  present  Earl, — 
it  was  used  in  as  rude  a manner,  — as  ignorantly 
(that  is  in  relation  to  the  knowledge  of  its  pro- 
perties) as  that  is  at  present  which  issues  from 
the  earth,  in  this  island,  on  the  “ Turner’s  Hall  ” 
Estate,  well  known  by  the  name  of  the  cc  Burning 
Spring.”  — It  has  been  by  an  analysis  of  the  gas, 

— by  a careful  study  of  its  composition  and  pro- 
perties, — and  how  adulterated  as  obtained  from 
different  sources,  — the  result  of  scientific,  che- 
mical enquiry,  that  illumination  by  means  of  it, 
with  the  aid  of  mechanical  science,  has  been 
brought  to  such  great  perfection. 
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Innumerable  other  instances  might  be  adduced 
in  illustration  of  the  close  intimacy  that  exists 
between  science  and  art,  and  how  the  former  is  re- 
quired for  the  perfecting  of  the  latter ; indeed,  I 
believe  this  is  now  so  generally  admitted,  that  to 
most  of  my  audience  it  may  have  appeared  un- 
necessary to  have  adverted  to  it : and  yet  I think 
it  is  necessary  in  regard  to  agriculture,  because 
science  has  hitherto  been  only  partially  applied  to 
agriculture ; and  least  of  all,  I believe,  has  it  been 
applied  to  Tropical  agriculture.  In  agriculture, 
as  yet,  we  have  had  no  brilliant  example,  as  in  the 
instance  of  the  steam  engine,  — as  in  the  instance 
of  the  preparation  and  use  of  gas,  — of  the  be- 
nefits to  be  derived  from  such  application.  And 
hence,  perhaps,  some  hesitation  and  degree  of 
doubt  in  the  minds  of  those  who  have  only  ex- 
perience, and  handed  down  knowledge  in  agricul- 
ture, and  have  not  applied  their  minds  to  the 
study  of  it  as  a science,  — i.  e.  as  a connected  sys- 
tem of  knowledge,  — a generalisation  of  facts 
methodically  arranged,  — or  of  doctrines  and 
principles  deduced  from  facts,  — so  classed  or 
methodically  arranged. 

In  this  discourse,  my  aim  will  be  to  draw  your 
attention  to  the  connection  of  science  — chiefly 
chemical  science  — with  agriculture,  — to  show 
how  the  one  may  be  turned  to  the  account  of  the 
other,  — and  to  impress  on  your  minds,  that  to 
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attain  eminent  success,  and  pursue  agriculture 
with  satisfaction,  it  ought  to  be  studied  as  a sci- 
ence, and  practised  on  scientific  principles ; or,  in 
other  words,  on  rational  methods,  in  contradistinc- 
tion to  those  which  are  merely  empirical. 

Your  indulgence  I must  ask  in  entering  on  th^ 
subject,  for  the  task  I have  undertaken  is  not 
without  its  difficulties.  I am  limited  as  to  time ; 
I shall  be  obliged  to  be  concise  on  many  points ; 
to  take  no  notice  of  many  things,  which  it  might 
be  desirable  to  notice  and  dwell  on,  for  the  pur- 
pose of  elucidation,  and  to  restrict  myself  almost 
entirely  to  elementary  views,  and  to  the  pecu- 
liarities of  local  circumstances,  bearing  on  the 
agriculture  of  this  island.  Limited  as  I am  in 
regard  to  time,  as  I have  said,  this  appears  to  me 
the  method  which  it  is  best  to  adopt  in  addressing 
you  on  this  occasion,  the  most  fitted  to  bring  the 
subject  under  your  notice,  in  a manner  promising 
to  be  the  least  wearisome,  with  the  best  chance  of 
being  in  some  degree  useful. 

Production  is  the  great  object  of  agriculture. 
To  raise  profitable  vegetables  from  the  soil  is  its 
main  intent.  The  problem  always  for  solution  is, 
how  this  object  is  to  be  effected  with  greatest  ease, 
with  most  economy,  with  most  profit. 

To  study  this  according  to  the  methods  of 
science,  we  should  first  consider  the  elements 
which  are  concerned. 
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All  vegetable  substances,  we  learn  from  chemis- 
try, are  composed  of  comparatively  few  ingre- 
dients ; these  are  chiefly  carbon,  oxygen,  and 
hydrogen,  with  which  nitrogen  in  some  instances 
is  associated,  and  with  wThich  are  associated,  in  dif- 
ferent instances,  particular  earths  and  salts. 

The  soils  in  which  vegetables  take  root,  by 
which  they  are  supported,  and  from  which  in  part 
they  derive  their  nourishment,  we  learn  also  from 
chemistry,  are  composed  likewise  of  a few  principal 
elements,  as  of  a fewT  earths  or  metallic  oxides, 
viz.  alumine,  silica,  lime,  and  magnesia,  variously 
intermixed  and  combined  and  in  different  pro- 
portions, associated  more  or  less  with  oxide  of 
iron,  and  certain  salts,  as  phosphate  of  lime,  sul- 
phate of  lime,  and  a few  others;  and  are,  according 
to  certain  admixtures  of  elements  — the  presence 
or  absence  of  one  or  more  of  these  ingredients  — 
either  favourable  or  unfavourable  to  vegetation  — 
fertile  or  barren. 

The  atmosphere  into  which  vegetables  rise  and 
spread,  and  from  which  also  they  derive  part 
of  their  nourishment,  we  learn  likewise  from 
chemistry  is  composed  of  even  fewer  principal 
ingredients  than  the  soil,  viz.  of  two,  oxygen  and 
azote,  in  almost  constantly  the  same  proportions ; 
with  which  are  mixed,  in  variable  proportions, 
water  in  the  form  of  vapour,  the  immediate  source 
of  rain,  carbonic  acid,  the  chief  source  of  vege- 
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table  carbon,  and  ammonia,  the  supposed  principal 
source  of  the  vegetable  compounds  containing 
azote ; not  to  mention  other  substances  which  are 
occasionally  if  not  constantly  present  in  the  air, 
the  existence  of  which  there,  is  matter  of  infer- 
ence rather  than  determined  by  the  result  of 
experiment. 

Such  is  a very  slight  sketch  of  the  principal 
elements  concerned  in  the  growth  of  vegetables, 
considered  in  relation  to  their  composition  and  the 
sources  whence  derived. 

Let  us  now  draw  nearer  home  and  approach 
the  subject  more  closely ; let  us  give  our  atten- 
tion to  the  principal,  the  supporting  crops  of  this 
island ; the  qualities  of  the  soils  of  the  island  in 
connection  with  its  geological  structure;  and  to 
the  qualities  of  the  atmosphere. 

The  sugar  cane,  sweet  potato,  yam,  Guinea 
corn,  maize  or  Indian  corn,  these  are  the  prin- 
cipal crops  of  Barbados ; the  first,  the  cane,  the 
staple  for  profit,  the  others  auxiliary  for  food,  in 
the  way  of  rotation. 

What  is  the  composition  of  these  different 
plants  in  their  mature  state,  when  fit  for  their 
respective  uses,  and  to  be  removed  from  the  soil  ? 
Let  us  begin  with  the  sugar  cane.  In  relation  to 
our  subject,  it  may  be  considered  under  two  heads; 
its  saccharine  juice,  which  is  contained  in  cells 
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in  the  stalk,  like  honey  in  the  honey-comb ; and 
the  stalk,  leaves,  and  roots. 

The  juice,  it  would  appear,  besides  sugar  and 
water,  its  principal  constituents,  contains,  as  it  is 
commonly  obtained  by  pressure,  some  vegetable 
acid,  and  a portion  of  leaven,  or  albuminous  matter 
— an  important  substance  both  for  profit  and  loss, 
the  fermentation  essential  to  the  production  of 
rum  depending  upon  it,  and  likewise  that  unpro- 
fitable fermentation  which  so  often  takes  place  in 
molasses  and  sugar  after  shipment,  and  in  the 
former  even  before.  Viewed  in  regard  to  the 
ultimate  elements  of  the  juice,  it  has  been  found 
to  be  composed  of  such  as  exist  in  the  atmosphere, 
and  may  be  derived  from  the  atmosphere,  pure 
sugar  being  formed  of  carbon,  hydrogen,  and 
oxygen  ; the  vegetable  acids  of  the  same,  with  a 
larger  proportion  of  oxygen,  and  albuminous 
matter  of  the  same,  in  different  proportions,  with 
the  addition  of  azote.  The  products  from  the  sac- 
charine juice,  unrefined  sugar,  molasses,  and  rum, 
the  elements  of  which  do  not  essentially  belong  to 
the  soil,  are  the  only  exports  from  this  plant,  the 
only  portions  sent  out  of  the  island ; and  as  regards 
the  materials  of  the  agriculture  of  the  island,  no 
loss,  or  a very  trifling  one,  need  thereby  be  con- 
sidered as  sustained. 

The  roots,  stem,  and  leaves  of  the  cane  consist 
chiefly  of  woody  matter,  itself  composed  of  the 
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same  ultimate  elements  as  sugar,  and  in  the  same 
proportions,  but,  it  must  be  inferred,  differently 
grouped.  Mixed  with  the  woody  part  are  other 
matters,  of  which  at  present  we  have  but  an  im- 
perfect knowledge,  either  as  regards  the  exact 
state  in  which  they  occur  in  the  plant,  or  the  part 
they  perform,  the  use  they  are  subservient  to,  in 
its  growth  and  elaboration.  This  we  know,  that 
on  burning  the  cane,  a considerable  portion  of 
solid  matter  is  obtained,  the  ingredients  of  which 
we  infer,  as  they  existed  in  the  vegetable,  may 
have  formed  a part  of  different  vegetable  com- 
pounds, and  may  have  had  a special  use  in  regard 
to  the  well  being,  the  prosperous  condition  of  the 
plant.  The  principal  of  these  solid  ingredients 
constituting  the  ashes  of  the  cane,  would  appear 
from  chemical  analysis  to  be  silica,  phosphate  of 
lime,  lime,  magnesia,  and  potash.  The  design  of  the 
silica  is  obvious,  to  give  firmness  and  due  strength 
to  the  stalk  and  leaves.  As  concerns  the  use  of 
the  phosphate  of  lime,  and  the  lime,  and  magnesia, 
perhaps  at  present  conjectures  only  can  be  offered. 
They  may  answer  the  same  purpose  as  the  silica, 
helping  to  impart  strength  and  give  support,  after 
the  manner  of  the  bones  of  animals,  of  which  they 
are  the  chief  constituents  ; and  one  or  other  of 
them  may  also  be  useful  in  disposing  to  the 
formation  of  sugar.  Contrary  in  their  nature  to 
the  elements  of  the  saccharine  juice,  fixed  in  the 
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fire,  and  therefore  forming  ashes,  we  know  that 
they  cannot  be  derived  from  the  atmosphere,  that 
they  can  be  derived  only  from  the  soil ; and  con- 
sequently, if  they  are  not  returned  to  the  soil,  it 
must  sooner  or  later  be  exhausted  of  them^  and 
being  incapable  of  affording  these  necessary  mate- 
rials of  the  cane,  so  far  it  must  be  unfit  for  its 
growth,  and  barren.  On  the  contrary,  if  they 
(the  inorganic  parts)  be  restored  to  the  soil  in  the 
form  of  ashes,  leaves,  and  the  refuse  of  the  dis- 
tillery, all  the  silica,  and  potash,  all  the  phosphate 
of  lime,  lime,  and  magnesia,  will  be  given  back  to 
it,  with  a great  increase  of  carbon  in  the  unburnt 
leaves,  and  probably  some  considerable  increase  of 
azote  in  the  distillery  refuse,  in  which  I have 
found,  on  examination,  no  inconsiderable  portion 
of  ammonia.  These  things  duly  kept  in  mind, 
the  cane,  under  existing  circumstances,  should  not 
be  held  to  be  an  exhausting  crop,  — and  should 
not  be  allowed  to  be  so  ; and  that  it  is  not  so  of 
necessity,  is  fortunate  for  your  agriculture ; and 
if  taken  advantage  of,  cannot  fail  (if  there  be 
science  in  agriculture,  as  there  unquestionably  is, 
and  use  in  principles)  to  conduce  greatly  to  its 
prosperity. 

Let  us  next  consider  the  composition  of  the 
vegetables  subordinate  to  the  cane  — those  already 
mentioned  cultivated  for  food,  and  in  the  wav  of 
rotation. 
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1 st.  Of  the  Sweet  Potatoe.  — I have  incinerated 
the  leaves  and  the  bulb  of  this  plant,  and  have 
examined  the  ashes.  The  ashes  of  the  bulb  I 
have  found  to  consist  of  phosphate  of  lime,  with  a 
little  phosphate  of  magnesia,  of  carbonate  of  mag- 
nesia, with  a little  carbonate  of  lime,  of  sesqui- 
carbonate  of  potash,  with  a minute  portion  of 
sulphate  of  magnesia,  and  of  sulphur,  — without 
any  silica.  The  ashes  of  the  leaves  were  found  to 
be  composed  chiefly  of  phosphate,  and  carbonate 
of  lime,  and  of  carbonate  of  magnesia,  with  some 
sesquicarbonate  of  potash,  and  sulphate  of  mag- 
nesia. The  proportion  of  ash  yielded  both  by  the 
root  and  leaves  was  considerable.  The  sweet 
potato,  it  is  deserving  of  remark,  contains  a certain 
proportion  of  albuminous  matter,  and  consequently 
azote  is  an  essential  ingredient ; and  the  sulphur, 
probably,  is  an  element  of  its  albumen. 

2d.  Of  the  Yam.  — In  the  ashes  of  its  tuber,  I 
have  detected  a large  proportion  of  carbonate  and 
phosphate  of  magnesia,  with  some  sesquicarbonate 
of  potash,  a little  phosphate  of  lime,  sulphate  of 
magnesia,  and  a trace  of  silica.  In  the  ashes  of 
its  leaves  and  stalk,  I have  found  a good  deal  of 
carbonate  of  lime,  with  a little  carbonate  of  mag- 
nesia, a pretty  large  proportion  of  phosphate  of 
lime,  with  a trace  of  silica,  and  sulphate  of  lime, 
and  some  sesquicarbonate  of  potash,  with  a little 
sulphate  of  lime  and  sulphate  of  magnesia. 
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3d.  Of  the  Guinea  Corn.  — The  head,  includ- 
ing the  grain,  incinerated,  yields  a good  deal  of 
ash,  which  I have  found  to  consist  chiefly  of  phos- 
phate of  lime,  and  phosphate  of  magnesia,  of  silica, 
and  sesquicarbonate  of  potash,  with  a little  silicate 
of  potash.  The  stalk,  also,  on  incineration,  yields 
a considerable  quantity  of  ash,  of  a very  mixed 
nature.  Its  chief  ingredients  are  phosphate  of 
lime,  carbonate  of  lime,  and  carbonate  of  mag- 
nesia, silica,  with  some  sesquicarbonate  of  potash, 

I and  a little  muriate  of  potash,  sulphate  of  mag- 
nesia, and  sulphate  of  lime. 

f4th.  Of  the  Indian  Corn.  — The  ash  of  this 
grain,  which  is  obtained  with  great  difficulty, 
owing  to  peculiarity  of  composition  *,  I have  found 

I to  consist  chiefly  of  phosphate  of  magnesia  in  large 
proportion,  and  phosphate  of  lime  in  a much  less 
proportion,  with  some  free  phosphoric  acid,  and  a 
trace  of  iron,  — without  silica,  and  without  any 
alkali.  In  the  ashes  of  the  stalk  of  this  corn,  I 
have  found  a notable  quantity  of  silica,  sesquicar- 
bonate of  potash,  phosphate  of  lime,  and  carbonate 

* The  peculiarity  above  alluded  to  is  the  ready  fusibility 
of  the  fixed  ingredients  of  the  corn,  owing  to  which  in  the 
first  process  of  combustion  when  it  is  charred,  these  ingre- 
dients melting  and  enveloping  the  charcoal,  defend  it  from 
the  action  of  the  oxygen  of  the  air,  and  so  prevent  its  com- 
bustion, — which  readily  takes  place  after  their  removal  by 
the  solvent  power  of  an  acid. 
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of  magnesia ; and  I have  detected  the  same  ingre- 
dients in  the  enveloping  leaves  of  the  stalk,  with 
this  exception  — that  their  ash  has  contained  no 
carbonate  of  lime,  but  a pretty  large  portion  of 
carbonate  of  magnesia. 

These  results  show  a considerable  resemblance 
of  composition  in  the  ashes  of  the  sugar  cane  and 
of  the  sweet  potatoe  and  yam,  of  Indian  corn 
and  Guinea  corn,  especially  as  regards  phosphate 
of  lime ; and  in  the  instance  of  the  stalk  of  the 
Indian  and  Guinea  corn,  silica.  These  ashes  are 
the  inorganic  elements  of  the  several  plants,  and 
we  may  infer  are  as  essential  to  them,  as  the  ; 
ashes  obtained  from  wheat  and  the  straw  of  wheat 
are  to  the  wheat  crop  ; and  consequently,  that,  as 
regards  their  effects  on  the  soil  from  whence  they 
derive  these  inorganic  elements,  they  are  all  more 
or  less  alike  exhausting.  Whether  the  points  of 
difference  in  the  composition  of  the  several  ashes, 
which  in  relation  to  the  soil  do  not  seem  to  be  very 
important,  should  modify  this  conclusion;  whe- 
ther the  depth  to  which  the  roots  of  the  different 
plants  spoken  of,  and  the  direction  taken  by  them 
in  growing,  should  modify  it,  I cannot  pretend  to 
offer  an  opinion.  Very  minute  and  careful  en- 
quiry, I apprehend,  is  required  to  be  made,  before 
an  opinion  on  the  subject  can  be  given,  that  will 
be  satisfactory.  That  these  crops  have  the  ex- 
hausting effects  which  the  results  I have  given 
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indicate,  is,  I believe  in  accordance  with  the  ex- 
perience of  some  of  the  best  agriculturists  of 
Barbados,  and  is  beginning  to  be  acted  on  by 
many.  The  subject  unquestionably  is  of  very 
great  importance,  and  I beg  to  recommend  it  to 
your  attention,  for  examination,  without  bias.  If 
the  crops  referred  to  are  exhausting  in  the  manner 
supposed,  what  are  we  to  think  of  the  excellence 
of  the  soil  that  is  tasked,  or,  of  the  mistaken 
views  of  the  planter  who  tasks  it  by  crops  in  succes- 
sion without  rest,  of  the  sugar  cane,  Indian  corn, 

Band  sweet  potatoe.  During  the  ten  months  I have 
been  in  Barbados,  I have  seen  from  the  same  piece 
of  ground,  three  harvests  of  Indian  corn ; and 
that  ground  is  now  under  canes.  In  Antigua, 
where  a system  of  rotation  is  little  practised,  the 
produce  of  sugar  is,  I believe,  much  larger  than 
here;  three  hogsheads  per  acre  is  common,  and 
four  or  five  not  uncommon,  and  from  soils  simi- 
lar to  some  of  this  island.  The  economical  ques- 
tion to  which  all  agricultural  problems  of  this 
kind,  I apprehend,  must  be  brought,  is,  are  the 
intermediate  crops,  whether  of  corn  or  potatoes, 
of  a value  more  than  equivalent  to  their  exhaust- 
ing effect  on  the  soil,  supposing  their  effect  to  be 
proved  to  be  such  ; and  whether  it  would  not  be 
more  profitable  to  renew  the  cane,  using  manure, 
than  to  grow  the  other  crops  without  manuring. 
Let  us  now  turn  our  attention,  and  it  must  be 
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very  briefly,  to  the  geology  of  the  island  and  the 
chemical  composition  of  its  soils,  from  whence  the 
inorganic  elements  of  your  crops  are  derived. 

Geologically  viewed,  Barbados  may  be  con- 
sidered as  consisting  of  two  well-marked  regions, 
very  different  from  each  other  in  the  features  of 
the  country,  in  manner  of  formation,  as  it  must 
be  inferred,  and  in  the  nature  of  the  materials 
of  which  they  are  constituted.  The  larger  por- 
tion rises  from  the  sea  by  successive  terraces, 
broken  more  or  less  by  rents  or  gullies  with 
transverse  valleys  or  table  lands,  in  which  are  in- 
numerable cavities  and  basin-like  hollows  or  de- 

i 

pressions,  giving  the  idea  of  its  having  been 
modelled  under  water  by  currents,  and  of  having 
been  raised  from  the  bed  of  the  sea,  in  which  it 
undoubtedly  once  was,  and  that  by  a force  acting 
continuously  and  regularly.  The  smaller  portion 
descends  to  the  sea  from  a central  height,  divided 
by  valleys  and  hills  ; a miniature  alpine  country, 
each  valley  with  a continuous  descent,  uninter- 
rupted by  gullies,  and  without  depressions  or 
basin-like  hollows.  This  smaller  region  seems  as 
if  formed  in  a different  manner  from  the  pre- 
ceding— as  if  raised  by  a force  acting  violently, 
by  which  it  has  been  thrown  up  so  as  to  appear  in 
its  present  form ; and  on  examination  its  strata 
appear  to  be  in  accordance. 

The  larger  region  consists  of  nearly  horizontal 
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I beds  of  calcareous  marl  and  of  calcareous  sand- 
stone and  freestone,  abounding  in  many  places  in 
sea-shells  and  coral,  and  resting  on  clay.  The 
smaller  region  consists  of  strata  of  chalk,  of  dif- 
ferent kinds  of  clay,  and  of  different  kinds  of 
sandstone,  mostly  siliceous,  with  strata  of  vol- 
canic ashes  intermixed,  and  occasionally  beds  or 
seams  of  bituminous  matter  and  coal.  These 
several  strata  are  more  or  less  inclined ; in  some 
instances  they  are  almost  vertical.  And  with  the 
exception  of  certain  of  them  that  abound  in  the 
siliceous  skeletons  of  microscopic  animalcules* 
(infusoria),  they  contain  very  few  organic  re- 
mains. 

In  regard  to  age,  all  the  circumstances  of  the 
smaller  district  indicate  that  its  strata  are  of 
greater  antiquity  than  the  beds  of  the  larger. 
Coral  rock,  or  what  is  analogous  to  it,  caps  some 
of  the  heights  of  Scotland  ; the  top  of  Bissix  Hill 
is  a calcareous  freestone,  containing  shells,  spines 
of  echini,  and  teeth  of  two  species  of  shark. 

It  would  occupy  too  much  of  your  time  to 
enter  into  further  particulars  relative  to  the  geo- 

* Since  these  remains  were  first  observed  by  the  author, 
portions  of  the  chalk-like  beds  above  alluded  to,  in  which 
they  occur,  have  been  examined  by  M.  Ehrenberg  of  Ber- 
lin, who  has  detected  in  them  a large  number  of  species, 
and  some  genera,  not  before  known. — See  Sir  Robt.  Schom- 
burgk's  History  of  Barbados. 
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logical  structure  of  this  island,  so  peculiarly  inter- 
esting, so  deserving  of  attention,  both  as  regards 
the  causes  which  have  acted  and  of  which  it  is  a 
manifestation,  and  the  promises  it  holds  out  of 
usefulness  in  the  extraordinary  variety  of  its  ma- 
terials, applicable  in  various  ways,  and  especially 
to  your  agriculture,  such  as  the  marl  of  one 
portion  and  the  clays  and  chalk  of  the  other.  I 
shall  briefly  return  to  these  applications  after 
noticing  the  soils. 

The  soils  of  Barbados,  I believe,  may  be  in- 
cluded in  its  general  geological  history.  I have 
very  little  doubt  that  they  have  all  been  deposited 
from  water,  and  at  a time  anterior  to  the  elevation 
of  the  foundations  on  which  they  rest,  when  these 
were  in  the  bed  of  the  ocean.  The  soils  generally, 
whether  in  the  valleys  of  the  terraced  part  of  the 
island,  or  in  those  of  the  hilly  region,  consist 
principally  of  the  detritus  of  the  older  or  crystal- 
line rocks,  such  as  form  at  present  the  mountains 
of  the  adjoining  continent : they  consist  chiefly  of 
clay  (itself  very  compounded)  and  of  very  fine 
siliceous  sand.  This,  I can  assure  you,  is  gene- 
rally the  case,  so  far  as  I can  judge  from  the 
examination  I have  yet  made  of  specimens  from  dif- 
ferent parts  of  Barbados.  The  only  marked  excep- 
tion I am  acquainted  with,  is  where  a bed  of  marl 
constitutes  the  surface,  or  where  the  substratum 
is  of  chalk,  and  there  the  soil  is  chiefly  calcareous, 
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though  not  invariably  so.  Such  a constitution  of 
soil,  I may  remark,  is  a most  happy  circumstance 
for  your  agriculture.  From  its  nature,  viewed  in 
relation  to  its  organic  materials,  it  may  be  con- 
sidered inexhaustible,  and  admitting  of  improve- 
ment (if  defective)  with  great  facility.  In  the 
clays  and  sand,  derived  from  the  wear  and  decom- 
position of  crystalline  rocks,  we  are  sure  there  is  a 
store  of  the  most  important  elements  essential  to 
the  growth  of  vegetables,  as,  besides  the  common 
earths,  silica,  alumine,  lime,  magnesia  — besides 
these,  there  must  be  potash  and  soda,  and  the 
phosphoric  and  sulphuric  acids. 

In  the  marl  and  chalk,  phosphate  of  lime,  I 
find,  is  easily  detected,  and  is  an  almost  constant 
accompaniment.  Every  tree  that  grows  is  a proof 
that  the  vegetable  alkali,  potash,  is  present  in  the 
soil.  Take  the  instance  of  a tamarind  tree ; with- 
out culture,  without  manure,  year  after  year  it 
yields  fruit  abundantly,  and  in  that  fruit,  as  you 
are  wrell  aware,  potash,  in  the  state  chiefly  of 
cream  of  tartar,  exists  in  large  proportion,  the 
alkali  of  which  it  can  extract  only  from  the  soil. 

The  composition  of  the  soils  of  Barbados,  it 
appears  to  me,  without  exaggeration,  is  a subject 
for  gratulation,  cheering  and  hopeful  in  a peculiar 
manner.  Truly  it  seems  as  if  this  island  were 
designed  by  nature  for  what  it  now  is,  the  garden 


of  the 


sugar  cane 


the  essential  elements,  the 
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inorganic,  being  so  plentiful  in  the  soil ; silica 
rather  in  excess  than  deficiency,  and  comminuted 
by  an  expenditure  of  force  which,  could  it  be  cal- 
culated by  horse  power,  would  doubtless  be  very 
startling ; and  phosphate  of  lime  in  large  quantity 
(in  proportion  to  what  is  required),  which  can  be 
made  available,  existing  in  marl  and  chalk,  and,  I 
may  add,  in  the  sea-sand  of  the  greater  portion  of 
your  shores,  and  also,  I believe  in  the  subsoil 
clay,  in  which,  in  the  two  or  three  instances  I have 
sought  for  it,  I have  not  failed  detecting  traces  of 
it.  To  mention  an  extreme  instance,  even  in  the 
apparently  barren  sand  of  ct  Chalky  Mount,”  '' 
which  is  chiefly  siliceous,  I have  found  the  same 
essential  inorganic  elements  of  fertility,  and  lime 
and  alkali,  with  phosphate  of  lime. 

The  last  part  of  my  subject  to  which  I beg  to 
call  your  attention  is  the  atmosphere  — that  great 
storehouse  of  the  elements  of  the  organic  parts  of 
plants,  as  the  earth  is  of  its  inorganic. 

I have  already  mentioned  generally  the  com- 
position of  the  atmosphere,  how  formed,  chiefly  of 
two  gases,  oxygen  and  azote,  with  which  is  mixed 
a minute  quantity  of  carbonic  acid,  and  a variable 
proportion  of  water  in  the  form  of  aqueous 
vapour.  And  besides  these,  it  must  be  inferred 
that  other  substances  are  present  in  minute  por- 
tions, as  already  observed  ; all  substances,  in  brief, 
that  are  capable  of  rising  into  the  air  in  vapour. 
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or  of  being  suspended  in  it,  owing  to  their  light- 
ness, from  the  fineness  of  their  particles,  such  as 
are  the  motes  which  we  see  in  the  sun  beam,  or  the 
saline  matter  derived  from  the  spray  of  the  sea. 
Of  vaporable  substances,  one  perhaps  of  the  most 
important,  in  relation  to  agriculture,  is  ammonia. 
Whenever  animal  matter  undergoes  decompo- 
sition, ammonia,  or  the  volatile  alkali,  a com- 
pound of  azote  and  hydrogen,  is  produced,  and 
passes  into  the  atmosphere  in  union  with  carbonic 
acid  as  a carbonate ; and  being  soluble  in  water  is 
restored  to  the  earth  in  every  shower  that  falls. 
This,  at  least,  is  what  happens  in  Europe ; there, 
whenever  rain  has  been  examined,  a minute 
quantity  of  this  alkali  has  been  detected.  Whether 
it  exist  also  in  appreciable  quantity  in  the  rain 
water  of  the  tropics  remains  to  be  determined. 
It  will  probably  be  found  to  be  present  even  in 
the  rain  which  falls  when  the  trade  winds  pre- 
vail, winds  blowing  over  a vast  space  of  ocean ; 
but  it  is  also  probable  that  it  will  be  found  here 
in  less  quantity,  and  will  be  more  difficult  to 
detect  than  in  England,  France,  or  Germany, 
where  the  sources  of  putrid  exhalations  are  so 
many  more  and  so  various. 

The  connection  between  these,  the  elements  of 
the  organic  parts  of  plants  derived  from  the  at- 
mosphere, and  those  of  the  inorganic,  existing  in 
the  soil,  is  very  admirable.  Rain,  without  which 
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we  know  there  is  no  active  vegetation,  brings  to 
the  earth,  dissolved  in  water,  some  carbonic  acid, 
some  oxygen  and  azote,  and,  we  will  infer,  a por- 
tion of  carbonate  of  ammonia.  Absorbed  by  the 
soil,  this  rain  water,  so  charged,  dissolves  what  is 
soluble  which  it  comes  in  contact  with,  carbonate 
of  lime,  phosphate  of  lime,  the  vegetable  alkali, 
silica,  and  other  ingredients  fitted  to  enter  into 
the  composition  of  plants.  This  compound  solu- 
tion may  be  considered  as  the  elaborated  food  of 
plants,  to  them  what  chyme  or  even  chyle  is  to 
animals.  It  is  drawn  in  by  their  minute  spongy 
roots,  ascends  in  progressive  change  as  sap,  passes 
into  the  green  leaves ; and  is  there  exposed  to  the 
action  of  light,  exhaling  oxygen  and  fixing  carbon ; 
and  in  its  circulation  from  the  leaf,  exposed  to 
the  influence  of  various  tubes  and  cells,  it,  by  a 
process  analogous  to  secretion,  administers  to  the 
growth  of  the  vegetable  in  its  vast  variety  of 
forms,  in  this  great  department  of  Nature. 

The  sugar  cane  is  a striking  example  of  what 
has  just  been  stated.  We  have  seen  that  the 
greater  part  of  this  plant  in  its  mature  state  con- 
sists of  elements  such  as  exist  in  the  atmosphere, 
and  which  we  are  sure  have  been  derived  from  the 
atmosphere,  either  directly,  chiefly  brought  down 
in  rain,  or  indirectly,  from  vegetable  manure. 
I am  informed  that  an  acre  of  land  planted  with 
canes  will  yield,  under  favourable  circumstances. 
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100  tons  of  vegetable  matter.  What  an  immense 
increase  is  this  ? What  an  immense  quantity  of 
carbon  is  thus  separated  from  carbonic  acid  (for, 
every  particle  of  woody  fibre  formed,  every  par- 
ticle of  sugar  formed,  implies  such  a separation); 
and  what  an  immense  evolution  of  oxygen ! The 
one  as  necessary  to  vegetable  life  and  growth,  as 
the  other  is  to  animal  life. 

The  connexion  of  the  atmosphere  with  the 
soil,  and  of  both  with  manures,  is  indeed  ad- 
mirable. Whilst  the  soil  receives  and  condenses 
atmospheric  air,  and  favours  the  formation  of 
ammonia  by  the  union  of  azote  with  hydrogen  in 
its  nascent  state  arising  from  decomposing  vege- 
table matter,  its  clay  or  aluminous  portion  com- 
bines with  certain  vegetable  matters,  retains  them 
for  a time,  and  allows  them  to  decompose  slowly. 
Manures  generally,  in  accordance  with  this,  act 
by  yielding  a greater  plenty  of  food  to  plants, 
than  the  soil  with  rain  alone  is  capable  of  afford- 
ing ; in  consequence  of  which  feeding,  they  grow 
more  rapidly  and  more  luxuriantly.  But  let  it  be 
kept  in  mind,  that  if  the  soil  contain  the  in- 
organic elements  required,  then  no  new  element  is 
supplied  through  manures  ; let  it  be  kept  in  mind, 
that  the  vegetable  part  of  the  manure  acts  chiefly 
by  yielding  carbonic  acid,  and  the  animal  part 
chiefly  by  yielding  ammonia,  and  both  by  yield- 
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ing  certain  inorganic  elements,  which  had  pre- 
viously existed  in  the  soil. 

I stated  in  beginning,  that  I should  be  obliged 
to  restrict  myself  to  almost  elementary  views : 
this,  you  perceive,  I have  done ; omitting  even  to 
allude  to  many  important  points,  deserving  of 
careful  inquiry  in  connection  with  the  interests  of 
agriculture : I shall  notice  a few  only  in  the 
briefest  manner  as  examples ; such  as,  what  are 
the  precise  peculiarities  of  this  soil  or  that ; one 
specially  favourable  to  the  growth  of  the  cane, 
the  other  not  ? What  are  the  peculiarities  in  the 
composition  of  the  ashes  of  the  best  canes,  i.  e.  of 
those  which  yield  the  richest  and  purest  sac- 
charine juice ; are  they  alike  in  composition,  or 
variable  ? And  if  variable,  what  is  the  constant 
circumstance,  on  which  it  may  be  inferred  the 
superiority  depends  ? Do  the  best  canes  contain 
a large  portion  of  albuminous  matter,  or  a small 
one  ? And,  in  connection  with  this  question,  are 
animal  manures  on  the  whole  most  favourable,  or 
purely  vegetable,  or  a mixture  of  the  two,  to  the 
growth  of  canes  of  the  first  quality  ? These,  and 
many  more  problems,  I apprehend,  must  be  solved, 
before  your  agriculture  can  be  admitted  to  be 
founded  on  a scientific  basis,  and  conducted  on 
scientific  principles. 

Gentlemen,  I must  here  draw  to  a conclusion, 
for  I have  occupied  enough  of  your  time  : I thank 
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you  for  the  attention  you  have  been  so  good  as  to 
give  me.  As  I have  congratulated  you  on  the 
excellent  qualities  of  the  soil  of  Barbados,  so  let 
me  do  the  same  on  the  peculiar  advantages  of 
agriculture,  viewed  as  a pursuit  or  profession. 
What  other  profession  is  there  in  which  there  is 
so  much  scope  for  emulation,  free  from  painful 
contention ; in  what  other,  such  inducements  to 
union  and  cooperation ! The  success  of  one 
planter  does  not  interfere  with  the  success  of 
another.  The  world  is,  or  should  be,  the  market 
of  your  produce.  Four  agricultural  societies 
already  have  been  formed  in  this  island,  with  one 
common  object  in  view.  Of  what  other  profes- 
sion can  the  same  be  said  ! Lastly,  if  we  consider 
agriculture  as  a science  (though  in  its  infancy),  a 
rational  system  of  culture,  the  basis  of  which  is 
vegetable  physiology  and  chemistry,  I think  I 
may  congratulate  you  further  in  having  a most 
interesting  as  well  as  important  subject  for  in- 
quiry, worthy  of  the  exertion  of  the  highest  in- 
tellect, and  which,  we  may  be  sure,  will  reward 
every  one  who  exercises  on  it  an  inquiring  and 
observing  mind. 

Even  as  an  art,  we  well  know,  agriculture  has 
always  been  attractive,  yielding  occupation  pecu- 
liarly pleasant  and  wholesome,  with  unceasing 
change,  with  unceasing  occasion  for  hopes,  for 
fears.  How  much  more  attractive  ought  it  then 
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to  be,  when  the  interest  derived  from  science  is 
added  to  it ; that  kind  of  interest  which  is  con- 
nected with  the  exercise  of  the  reasoning  powers, 
the  comprehension  of  the  operations  and  changes 
which  we  are  daily  witnessing,  and  by  compre- 
hending them,  having  the  knowledge  which  is 
power,  being  able  in  some  measure  to  regulate  and 
controul  them,  for  certainly  this  is  what  should  be 
aimed  at  and  will  be  attained,  when  the  science  of 
agriculture  is  advanced. 

I have  spoken  of  the  soils  of  the  island,  as  gene- 
rally differing  little  in  their  principal  and  most 
obvious  ingredients.  Minute  differences,  how- 
ever, undoubtedly  do  exist  in  them,  some  of  which 
may  be  important. 

My  official  duties  allow  me  but  little  leisure ; 
that  little  I would  willingly,  in  part,  apply  to  do 
what  I can  to  determine  such  differences;  ac- 
cordingly I shall  be  glad  to  receive  examples  of 
any  soils,  considered  any  wise  peculiar  for  exami- 
nation, and  I indulge  in  the  hope,  that  at  your 
next  meeting,  or  at  furthest  the  subsequent,  it 
may  be  in  my  power  to  communicate  (should  it 
be  the  wish  of  the  Society),  the  results  in  a short 
discourse  on  the  peculiarities  of  the  soils  of  Bar- 
bados, considered  in  relation  to  their  chemical 
composition  and  their  productive  powers.  To 
give  any  information  on  the  latter  point,  of  course 
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I must  be  indebted  to  the  gentlemen  who  may  be 
so  good  as  to  contribute  the  specimens  of  soils. 
Were  a memorandum  to  accompany  each  sample, 
in  which  were  to  be  specified  how  the  soil  is  pe- 
culiar, to  what  vegetables  or  crops  favourable,  to 
what  unfavourable,  the  value  of  the  chemical 
examination  would  be  enhanced ; and  perhaps 
some  useful  practical  conclusions  might  be  arrived 
at,  and  an  example  thence  immediately  afforded  of 
the  advantages  of  this  mode  of  inquiry,  that  is, 
of  the  application  of  Chemistry  to  Agriculture. 
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DISCOURSE  II. 

ON  THE  SOILS  OF  BARBADOS  IN  CONNECTION  WITH 
THE  CULTURE  OF  THE  SUGAR  CANE  AND  OF  OTHER 
CROPS. 

Gentlemen,  — At  your  last  meeting  I had  the 
honour  to  address  you  on  the  subject  of  agricul- 
ture generally,  considered  in  some  of  its  scientific 
relations  ; I now  propose  to  endeavour  to  perform 
the  promise  I then  made ; and  with  your  leave, 
call  your  attention  to  the  soils  of  Barbados,  which, 
as  the  basis  of  your  agriculture,  cannot  be  too 
carefully  studied,  cannot  be  too  thoroughly  known 
— and  such  thorough  knowledge,  I need  hardly 
remark,  can  be  acquired  only  by  minute  and  accu- 
rate examination. 

I shall  first  speak  of  the  soils  of  the  island  gene- 
rally, so  far  as  I have  yet  had  an  opportunity  of 
observing  them  ; — secondly,  of  the  qualities  of 
those  varieties  of  soils  which  are  most  strongly 
marked  ; and  lastly,  I shall  venture  to  offer  a few 
remarks,  as  suggestions,  on  the  admixture  of  soils, 
and  their  treatment,  with  a view  to  amelioration 
in  certain  instances  in  which  there  are  glaring 
defects. 

On  this  occasion,  as  on  the  former,  I shall  have 
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need  of,  and  have  to  ask  your  indulgence,  — for 
the  subject  I am  entering  upon  is  a large  and 
difficult  one  ; I have  not  the  advantage  of  a prac- 
tical knowledge  of  it ; the  views  — the  informa- 
tion I have  to  offer,  are  more  of  an  abstract  kind 
than  practical  men  commonly  like,  or  are  dis- 
posed to  confide  in;  but  being  founded,  as  I 
believe  they  are,  on  scientific  principles,  and  ad- 
I dressed,  as  I trust  they  are,  to  a scientific  audi- 
ence — that  is,  to  an  assemblage  of  well-informed 
men,  convinced  that  science  is  essential  in  agri- 
culture to  promote  its  improvement  and  give  it  its 
highest  degree  of  perfection — I am  confident  I 
I have  not  to  ask  you*  indulgence  in  vain. 

Commonly,  there  is  a certain  connection  ob- 
servable between  the  geological  structure  of  a 
country  and  its  soils.  In  a large  number  of  in- 
stances this  connection  is  most  intimate  ; so  that 
the  rocks  constituting  the  hills  and  mountains 
being  known,  the  soils  of  the  plains  and  vallies 
may  be  predicated  with  considerable  accuracy ; and 
for  this  obvious  reason,  that  the  latter,  by  a pro- 
cess of  decomposition  and  disintegration,  are 
derived  from  the  former.  This  is  remarkably  the 
case  in  primitive  countries,  in  which  the  ex- 
isting soils  appear  to  be  formed  almost  entirely  by 
the  processes  alluded  to.  Occasionally,  however, 
it  is  otherwise ; there  are  countries  in  which  there 
is  no  immediate  relation  — at  least  of  dependency 
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— between  the  soils  at  the  surface  and  the  strata 
on  which  they  are  incumbent,  the  soils  not  being 
derived  from  the  rocky  strata  on  which  they  rest. 
This  is  strongly  marked  in  the  instance  of  tertiary 
geological  formations,  — those  in  the  history  of 
our  globe  of  recent  origin,  — formed  of  the  detritus 
of  older  rocks,  brought  down  by  rivers  or  thrown 
up  by  volcanoes,  deposited  in  the  ocean,  there 
modelled  by  currents,  variously  consolidated  and 
altered  by  additions  of  materials  which  they 
there  receive,  ultimately  to  be  raised,  by  forces 
acting  from  below,  into  the  common  air,  — to  be- 
come islands,  or  parts  of  continents,  according  to 
situation.  Some  of  the  most  fertile  parts  of  the 
earth  are  of  this  description  ; the  majority  of  the 
West  Indian  islands  are  such,  and  Barbados  emi- 
nently so. 

As  regards  the  interests  of  agriculture,  what  I 
have  just  adverted  to  may  be  held  to  be  a great 
advantage,  as  I shall  farther  on  have  an  oppor- 
tunity of  pointing  out ; but  as  regards  the  study, 
the  description,  the  comprehension  of  the  soils  of 
a country,  it  adds  vastly  to  the  difficulty,  present- 
ing as  it  does  a subject  of  almost  incalculable 
complication,  instead  of  one  of  simplicity  and 
uniformity. 

In  my  preceding  discourse,  I took  a hasty 
glance  at  the  geology  of  Barbados  — of  its  two 
parts  so  well  marked  by  contrasts ; the  smaller 
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portion,  formed  of  steep  hills  and  descending  val- 
leys, consisting  of  beds  of  chalk,  of  various  clays, 
and  of  various  sandstones : the  larger  portion  of 
terrace-like  formation, — height  rising  above  height, 
in  long-continued  ridges ; table  lands,  or  valleys  of 
little  depression  intervening ; with  a foundation 
generally  of  calcareous  rock  or  marl,  abounding  in 
shells  and  other  remains  of  marine  animals. 

In  the  part  or  district  first  mentioned,  there  is 
observable  more  relation  between  the  soils  and  the 
rocky  substrata  than  in  the  second.  Nor  is  this 
surprising,  or  inexplicable.  Owing  to  the  steep- 
ness of  the  hills  there,  their  declivities  are  power- 
fully acted  on  by  heavy  rains,  and  there  is  a 
constant  tendency  to  the  denudation  of  their  sides 
in  consequence.  Accordingly,  in  this  part  of  the 
island,  where  chalk  is  the  substratum,  a white 
calcareous  soil  very  little  different  from  chalk  is 
found  at  the  surface ; where  a bed  of  clay  lies 
beneath,  the  surface  soil  is  found  to  be  stiff  and 
argillaceous ; where  sandstone  is  the  basis,  there 
the  soil  resting  on  it  is  often  little  more  than  sand. 
These  remarks  apply  chiefly  to  the  steep  declivi- 
ties of  the  hills ; less  so  to  the  valleys,  especially 
where  they  open  out  into  little  plains.  There, 
there  is  found  a certain  uniformity  of  soil,  which 
perhaps  may  be  considered  as  a mixture  of  all  the 
several  ingredients  of  the  higher  regions,  washed 
down  by  torrents  and  commingled.  It  is  a well- 
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marked  alluvial  soil,  abounding  in  siliceous  sand, 
containing  more  or  less  of  clay  or  alumine,  with  a 
small  proportion  generally  of  magnesia  and  lime ; 
a soil  not  unlike  that  of  British  Guiana,  being 
similarly  derived,  but  I believe  of  a greatly 
better  quality,  the  girding  mountains  of  the  in- 
terior of  British  Guiana  being  chiefly  of  granite, 
and  there  being  no  background  there  of  fertile 
chalk,  as  here,  to  furnish  a supply  of  calcareous 
matter,  however  small. 

In  the  other  and  larger  portion  of  the  island,  I 
have  said,  there  is  less  relation  between  the  quality 
of  the  soils  and  the  rocky  beds  on  which  they 
rest.  In  many  places,  even  on  the  same  estate, 
there  may  be  found  a considerable  variety  of  soil 
and  subsoil ; in  one  spot,  a calcareous  marly  soil ; 
in  an  adjoining  one,  a stiff  clay ; and  near  at  hand 
to  this,  a loose  light  soil,  containing  a good  deal 
of  siliceous  sand,  and  no  small  proportion  of  cal- 
careous earth.  The  principal  varieties  of  soils 
over  this,  the  greater  portion  of  the  island,  may  be 
conveniently  classed  under  a few  heads,  according 
to  their  composition,  on  which  their  nature  and 
qualities  depend,  and  in  which,  notwithstanding 
the  remark  I have  just  made  as  to  admixture, 
some  order  of  distribution  is  observable. 

On  the  higher  grounds  a reddish  brown  soil  is 
predominant,  containing  a large  proportion  of 
siliceous  matter  in  a very  finely  divided  state,  with 
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a certain  portion  of  clay,  and  an  admixture,  in 
small  quantities,  of  lime  and  magnesia.  This  soil 
presents  itself  even  at  the  edge  of  the  cliff,  bor- 
dering and  bounding  the  smaller  hilly  region  — a 
situation,  we  are  sure,  where  it  could  not  be 
brought  after  the  ground  on  which  it  rests  — coral 
and  shell  limestone — was  raised  from  the  depths  of 
the  sea,  because  there  is  no  higher  ground  near, 
from  which  it  could  have  been  conveyed  by  the 
action  of  water.  A striking  example  of  this  is  to 
be  seen  at  the  top  of  Horse  Hill,  immediately 
above  the  road  leading  down  to  St.  Joseph's 
Church.  Of  the  kind  of  soil  under  consideration, 
excellent  examples  offer  on  the  estates  of  Blooms- 
bury, Welchman’s  Hall,  and  Blackman’s.  These 
I particularise,  because  I have  examined  specimens 
of  them,  — for  which  I am  indebted  to  their  pro- 
prietors. 

Another  quality  of  soil  is  that  which  prevails 
between  the  terrace  elevations,  well  marked  in 
the  valley  of  the  Sweet  Bottom,  and,  perhaps, 
less  distinctly  in  the  more  expanded  and  exten- 
sive valley  of  St.  George.  It  contains  more  clay 
than  the  first  mentioned,  a large  proportion  of 
silica  and  but  a very  small  proportion  of  lime 
and  magnesia.  Its  colour  is  variable,  red  and 
brown  are  its  predominant  tints  in  the  higher 
grounds. 

A third  variety  of  soil  is  that  which  differs  but 
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little  from  calcareous  marl,  is  incumbent  on  a sub- 
stratum of  marl,  consists  chiefly  of  carbonate  of 
lime,  contains  fragments  of  sea-shells,  contains 
but  a small  proportion  of  clay  and  silica,  and  less 
of  magnesia.  It  is  generally  of  a light  colour.  It 
occurs  in  some  parts  of  St.  Philip’s,  especially  its 
north-eastern  part,  in  parts  of  St.  Michael’s  and 
also  of  St.  Lucy’s,  and  probably  elsewhere  in 
many  places. 

A fourth  variety  is  a dark  soil,  in  some  situa- 
tions almost  black,  a colour  which  it  owes  to 
vegetable  matter  in  a peculiar  state  of  decom- 
position, approaching  I believe  the  state  of  peat,  i 
This  soil  commonly  contains  a good  deal  of  clay, 
with  a sufficiency  of  calcareous  matter  and  of 
silica  and  magnesia.  It  occurs  most  commonly 
in  low  situations  towards  the  sea-coast,  where  i L 
there  is  little  declivity,  where  the  drainage  in 
consequence  is  imperfect,  and  there  is  a tendency, 
when  there  is  excess  of  rain,  to  stagnation. 

I shall  mention  only  one  other  variety  of  soil, 
a calcareous  argillaceous  marl  of  a grey  colour, 
consisting  of  alumine,  carbonate  of  lime  and  of 
silica  in  well-adjusted  proportions  with  some  car- 
bonate of  magnesia.  The  most  remarkable  ex- 
ample of  it  that  I am  acquainted  with  is  on  the 
Codrington  College  Estate,  below  the  cliff,  where, 
thrown  up  into  steep  hills  and  ridges,  and  de- 
pressed into  narrow  valleys  and  ravines,  it  forms  a 
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little  district  apart,  equally  remarkable  for  the 
barrenness  of  its  aspect,  its  real  fertility,  its 
abundance  of  water ; all  I believe  depending  on 
the  same  cause, — the  nature  of  the  soil  and  subsoil. 

Other  varieties  of  soil  might  be  pointed  out ; 
but  in  a discourse  such  as  this,  with  little  ad- 
vantage. They  occur  intermixed  in  one  or  other 
of  the  principal  varieties  I have  enumerated,  for 
none  even  of  these,  the  principal  varieties,  are 
free  from  admixture  to  any  extent.  How  few 
estates  for  instance,  whether  situated  high  or 
low,  are  without  marl ; how  few  are  without  de- 
posits or  beds  of  stiff  clay,  I am  acquainted 
with  one  estate  in  St.  Lucy’s,  in  which  there  is  a 
substratum  of  carbonate  of  lime,  in  the  form  of 
minute  ovoid  granules ; of  another  in  St.  Michael’s, 
in  which  the  same  substance  is  met  with  in  the 
form  of  minute  rhomboidal  crystals  uncohering, 
after  the  manner  of  sand;  of  a third  in  St. 
Thomas’s,  where  adjoining  a bed  of  calcareous 
marl  is  a deposit  of  siliceous  earth  in  a very  finely 
divided  state,  essentially  different  from,  but  in 
appearance  perfectly  resembling  chalk.  These 
may  be  considered  as  curiosities;  but  they  are 
significant  in  their  indications,  and  not  uninstruc- 
tive.  In  connection  with  the  general  geolo- 
gical history  they  seem  clearly  to  prove,  as  I 
have  already  stated,  that  the  soils  of  Bai’bados 
were  mainly  deposited  when  the  rocky  substrata 


182 


ON  THE  SOILS 


9 


on  which  they  rest  were  lying  at  a considerable 
depth  in  the  ocean,  where  they  were  formed  ; and 
that  the  great  variety  of  soils  which  are  met  with, 
must  have  been  owing  to  the  causes  then  in  opera- 
tion, rivers  bringing  down  the  detritus  of  the 
mountains  of  the  continent,  currents  in  the  sea 
distributing  them,  and  probably  submarine  vol- 
canic eruptions,  of  which  there  are  indications 
here,  disturbing  them  and  adding  new  materials 
to  complicate  them  the  more. 

These  may  appear  to  some,  theoretical  views, 
and  visionary;  but  they  assuredly  are  not  so. 
The  reading  of  geological  signs  is  commonly  un- 
ambiguous and  easy.  Like  the  reading  of  a 
written  language,  it  must  be  entered  upon  in  its 
minute  parts ; these  are,  as  it  were,  its  alphabet. 
A sea-shell,  the  spine  of  an  echinus,  the  tooth  of 
a shark,  the  microscopic  remains  of  infusoria,  oc- 
curring mixed  with  water-worn  particles,  whether 
loose,  as  in  beds  of  marl,  or  compact  as  in  beds  or 
strata  of  limestone,  plainly  declare  their  submarine 
origin.  And  other  sources  are  not  less  clearly 
denoted  by  other  appearances ; the  form  of  the 
minute  fragments  constituting  volcanic  dust  and 
ashes  is  not  to  be  mistaken,  each  little  fragment, 
as  seen  under  the  microscope,  presenting  sharp 
edges  and  acute  angles;  and  the  form  of  river 
sand,  especially  of  hard  quartz  sand,  altogether 
different  from  the  preceding,  all  the  edges  and 
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angles  worn  by  attrition,  is  equally  distinct  and 
significant.  Such  geological  interpretation  is  not 
merely  amusing  to  the  mind ; it  is  valuable  I 
believe  in  connection  with  agriculture,  viz.  by 
aiding  to  give,  as  it  is  well  fitted  to  do,  a true  in- 
sight into  the  nature  of  soils. 

The  qualities  of  your  soils,  to  which  we  will 
now  proceed  and  give  a brief  consideration,  as  I 
have  already  observed,  depend  chiefly  on  the  ele- 
ments composing  them.  Of  these  qualities  gene- 
rally, two  views  may  be,  and  I believe  ought  to  be 
taken;  one,  as  regards  their  texture,  which  is 
commonly  called  their  mechanical  or  physical 
condition,  as  to  the  degree  of  sustaining  firmness, 
of  resistance  to  the  implements  of  husbandry,  of 
perviousness  to  air  and  water,  and  of  power  of 
retaining  water ; the  other  as  regards  their  che- 
mical composition,  considered  as  the  source  of  the 
inorganic  elements  essential  to  the  growth  of 
plants,  and  which,  when  of  the  best  quality,  should 
render  the  soils  productive  without  aid  from 
manures. 

Let  us  now  take  a hasty  review  of  the  prin- 
cipal varieties  of  soil  before  named,  in  relation  to 
these  qualities. 

1st.  Of  the  Calcareous  or  Chalk- Soil.  — This 
soil  besides  being  composed  principally  of  car- 
bonate of  lime,  in  a loose  finely  divided  state 
with  some  alumine,  contains  a certain  portion  of 
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silica  in  the  same  state,  also  of  carbonate  of  mag- 
nesia and  of  phosphate  of  lime,  and  doubtless  of 
the  vegetable  alkali.  From  the  nature  of  its 
constituent  parts  and  the  state  in  which  they  are, 
this  soil,  physically  considered,  may  be  held  to  be 
almost  the  perfection  of  a soil;  cool  from  its 
colour  reflecting  the  sun’s  rays,  absorbent  of 
moisture  and  not  too  retentive  of  it,  allowing  the 
rain  to  descend  deeply  into  it  and  to  be  kept  in 
store  amongst  its  pores,  to  ascend  and  be  exhaled 
as  moisture  on  the  occasion  of  drought,  suffi- 
ciently firm  to  give  due  support  to  plants,  and 
sufficiently  yielding  to  be  easily  worked.  These  j 
it  must  be  admitted  are  excellent  qualities.  And 
as  regards  its  nourishing  power,  through  the 
medium  of  the  inorganic  elements  which  it  is 
capable  of  supplying,  its  character  is  of  a very 
high  kind,  as  the  elements  which  it  contains  are 
those  which  appear  to  be  most  essential  to  the 
staple  and  more  important  crops  of  the  island, 
such  as  the  sugar  cane,  Indian  corn,  yam,  and 
others.  This  soil,  with  these  excellencies,  may  I 
believe  be  held  up  as  an  exemplar.  Its  produc- 
tive powers  appear  to  be  high.  Without  manure 
I am  informed  it  will  yield  good  crops  and  even 
of  the  sugar  cane,  and  this  successively  for  several 
years,  without  fresh  planting;  and  it  is  worthy 
of  remark,  that  the  sugar,  the  produce  of  these 
canes,  is  esteemed  above  the  average  quality,  and 
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is  obtained  in  proportionally  large  quantity.  The 
estimation  in  which  soils  of  this  kind  are  held  is 
pretty  well  indicated  by  the  rent  which  can  be 
obtained  for  them,  viz.  from  twenty-four  to  thirty 
dollars  an  acre,  and  even  I believe  occasionally  as 
high  as  thirty-five ; and  this  in  situations  com- 
monly of  difficult  access,  remote  from  the  town, 
and  having  little  but  the  fertility  of  the  soil  to 
recommend  them,  such  as  the  steep  declivities  of 
Mount  Hillaby,  the  highest  part  of  the  island,  the 
chalky  soil  of  which  rising  at  least  1100  feet  above 
the  sea  is  cultivated  to  the  summit ; the  rugged 
ground  in  the  neighbourhood  of  Castle  Grant ; 
and  that  little  district  of  similar  ground,  which  has 
received  the  name  of  Irish  Town. 

The  other  calcareous  soils  of  the  island,  in 
widely  different  situations,  are  more  or  less  ana- 
logous to  the  chalk-soils,  such  as  the  marl  soils 
already  noticed,  and  the  calcareous  argillaceous 
soil  of  the  Codrington  College  Estate  ; they  have 
a great  resemblance  in  their  elementary  compo- 
sition, varying  chiefly  in  the  proportions  of  their 

(constituent  parts ; and  they  are,  I understand, 
all  remarkably  fertile. 

2dly.  Of  the  Clay  Soils.  — The  qualities  of 
these  soils,  as  of  clay  soils  generally,  are  strongly 
marked.  It  may  suffice  to  describe  them  very 
briefly.  They  are  retentive  of  moisture  in  a very 
remarkable  manner,  and  at  the  same  time  little 


186 


ON  THE  SOILS 


pervious  to  air  and  moisture  ; liable  to  become 
indurated  from  drought,  and  boggy  from  excess 
of  rain, — physically,  great  defects.  Their  compo- 
sition, I believe,  is  somewhat  variable:  always 
abounding  in  alumine,  never  deficient  in  silica ; 
they  have  most  commonly  a small  proportion  of 
lime  find  magnesia,  especially  of  the  former.  Those 
clayey  soils  which  have  a greasy  feel  when  dry, 
usually  contain  a good  deal  of  magnesia.  In  their 
natural  state,  I apprehend  that  the  bad  pre- 
ponderate over  the  good  qualities  which  belong  to 
them  ; but  the  reverse,  in  their  improved  state. 

3d.  Of  Sandy  Soils.  — The  peculiarities  of  y 
these  soils  are  the  reverse  of  the  last,  being  most 
readily  pervious  to  air  and  moisture,  and  no  wise 
retentive  of  moisture.  Such  is  invariably  their 
physical  condition,  whatever  may  be  their  che- 
mical composition  — a condition  most  unfavour- 
able to  fertility,  and  fatal  to  it,  excepting  under 
peculiar  circumstances  of  situation,  or  seasons,  — 
such  as  low  situations  where  water  is  abundant,  or 
where  there  is  a substratum  or  subsoil  retentive 
of  moisture,  or  rainy  seasons.  Next  to  these 
circumstances,  their  composition  is  of  most  im- 
portance : those  which  are  almost  purely  siliceous 
are  almost  barren  ; such  exist  in  the  parishes  of 
St.  Joseph  and  St.  Andrew:  whilst  those  which 
consist  of  comminuted  shell  and  coral  are,  in 
favourable  circumstances,  fertile. 
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4thly.  Of  Alluvial  Soils.  — I have  already 
spoken  of  the  soil  which  occurs  in  the  valleys  of 
the  hilly  district,  as  an  example  of  this  kind,  — 
that  is,  in  the  parishes  last  mentioned.  The  red 
soils  of  the  higher  grounds  may  also  be  considered 
as  such  ; and  even  the  greater  part  of  the  soils  in 
the  valley  of  the  Sweet  Bottom,  and  of  St. 
George ; and  in  brief,  of  a large  portion  of  the 
island ; in  some  instances  the  tendency  being  to 
an  excess  of  the  aluminous  ingredient,  with  undue 
stiffness  and  tenacity ; in  some  others  — and  I 
believe  more  rarely  — to  a deficiency  of  it,  and 
undue  porousness.  The  black  soils,  too,  may  be 
considered  as  belonging  to  them,  exclusive  of  the 
peculiarity  of  colour,  depending,  as  I have  already 
mentioned,  on  a peculiar  state  of  vegetable  matter. 
Some  of  these  soils  appear  to  be  excellent,  in  which 
the  several  ingredients  are  in  a very  fine  state  of 
division,  and  it  may  be  inferred,  duly  proportioned 
— as  in  the  instance  of  the  Bloomsbury  estate 
soil,  and  some  others  similarly  situated ; and  also 
in  the  instance  of  some  of  those  in  the  lower 
grounds,  especially  in  the  valleys  of  St.  Andrew’s 
and  St.  Joseph’s.  Generally,  I apprehend,  put- 
ting aside  those  of  the  highest  quality,  they  may 
be  considered  as  average  soils,  and  from  this  cir- 
cumstance, that  they  contain  commingled  the 
essential  elements  of  good  soils,  and  average  also 
as  regards  their  capabilities  and  produce. 
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Having  thus  taken  a rapid  glance  at  the  qua- 
lities of  some  of  the  principal  varieties  of  soils,  I 
shall  enter  on  the  third  part  of  my  task,  a brief 
consideration  of  the  means  of  correcting  those 
qualities  which  are  most  faulty.  It  would  be 
tedious  and  out  of  place  on  this  occasion,  were  I 
prepared  with  the  requisite  information,  to  enter 
into  minute  details  on  this  important  practical 
subject.  It  may  suffice,  if  I venture  to  offer  some 
general  remarks  and  suggestions.  As  in  con- 
sidering the  qualities  of  soils,  so  in  attending  to 
their  defects,  it  may  be  well  to  observe  the  dis- 
tinction between  those  wffiich  are  physical,  in  con- 
tradistinction to  those  which  are  chemical.  As 
regards  the  first,  the  main  defects  of  faulty  soils 
are,  considered  in  the  greatest  degree  of  gene- 
rality, of  two  different  and  opposite  kinds  — ex- 
cess of  tenacity  or  stiffness,  and  want  of  adhesion 
(and  this  in  excess)  or  looseness ; the  one  defect 
most  conspicuous  in  the  most  perfect  clay  soils ; 
the  other  in  the  most  perfect  sandy  soils  — the  one 
depending  on  the  argillaceous  element  being  too 
predominant ; the  other,  on  the  absence  of  this 
element  in  its  plastic  state,  and  on  the  predo- 
minance of  sand,  or  of  particles  compact  and  firm, 
without  tendency  to  cohere,  which  constitute 
what  we  commonly  call  sand.  In  one  or  other  of 
these  two  kinds  of  defects,  I believe  are  compre- 
hended all  the  imperfections  of  your  soils  phy- 
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sically  viewed,  and  that  they  are  to  be  corrected 
by  attending  to  them  as  principles. 

If  a soil  is  too  adhesive,  too  stiff,  presenting 
during  a period  of  drought  a hard  fissured  sur- 
face, during  wet  weather  a state  of  bog,  how  is  it 
to  be  treated  for  the  removal  of  these  great  and 
fatal  defects  in  the  way  of  successful  agriculture  ? 
Is  it  not  best  done  by  the  addition  of  matter  of  a 
different  kind,  such  as  sand,  chalk  comminuted, 
marl,  or  burnt  clay  ? Either  of  these  will  tend 
to  diminish  the  stiffness,  render  the  soil  less  ad- 
hesive, more  pervious  to  air  and  water;  espe- 
cially, if  followed  by  thorough  draining  and  sub- 
soil ploughing,  which  will  aid  most  materially  in 
preventing  the  stagnation  of  water,  and,  I may 
add,  of  air  in  the  upper  stratum  of  soil,  and  con- 
duce in  a remarkable  manner  to  preserve  the  soil 
of  a just  degree  of  humidity  and  of  aeration,  even 
in  times  of  severest  trial  — those  of  flood  and 
drought.  Such  measures  of  improvement  are 
necessarily  expensive,  and  demand  for  their  cor- 
rect performance  a large  outlay  of  capital.  In 
England  and  Scotland  these  measures  have  had  a 
most  extensive  trial,  and  as  you  are  no  doubt 
aware,  with  most  successful  results,  proving  that 
capital  so  invested  is  most  profitably  placed,  often 
doubling  and  tripling  the  value  of  the  land  in 
relation  to  produce  and  rent,  and  that  not  for  a 
short  term  of  years,  but  for  an  indefinite  period  ; 


190 


ON  THE  SOILS 


in  brief,  land  so  treated  and  improved  may  be 
considered  as  reclaimed  land,  a great  acquisition 
to  the  proprietor,  a great  acquisition  to  the  coun- 
try, an  element  I may  say  of  wealth,  and  even  of 
health ; for  it  is  clearly  proved  that  by  thorough 
draining  even  the  climate  of  a district  may  be 
improved,  the  air  rendered  drier,  less  liable  to 
fog,  even  warmer  in  a cold  country,  and  also  free 
from  malaria.  In  this  island  how  many  situa- 
tions there  are,  and  not  inconsiderable  tracts, 
which  might  be  benefited  more  or  less  by  such 
treatment.  Wherever  water  rests  long  after  heavy 
rain,  there  we  may  be  sure  the  defect  in  question  I 
is  present,  existing  either  in  the  soil  or  subsoil, 
and  admits  of  correction.  And,  I think,  it  can- 
not be  doubted,  that  improvements  which  have 
been  found  of  such  vast  importance  in  England, 
so  lucrative  and  advantageous  to  all  concerned,  |» 
would  not  be  less  so  in  Barbados.  We  know  of  | 
one  gentleman,  to  whose  writings  tropical  agri- 
culture is  under  no  small  obligations,  who  has 
commenced  thorough  draining  on  a part  of  his 
property  in  this  island,  which,  from  its  qualities, 
he  was  of  opinion  required  it.  As  the  process 
was  begun  only  a few  months  ago,  and  is  not  yet 
completed,  it  is  too  soon  to  witness  any  remark- 
able effect  from  it ; and  yet,  some  effect,  I under- 
stand, is  already  apparent ; a gentleman,  a very 
competent  judge,  who  was  lately  at  Lambert’s,  has 
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told  me  that  the  canes  over  the  drains  were  green 
in  their  stalks  and  growing,  unaffected  by  the  dry 
weather  at  that  time  prevailing,  whilst  those  not 
so  situated  had  the  scorched  appearance  connected 
with  the  suspension  of  healthy  active  vegetation, 
owing  to  want  of  moisture. 

If  a soil  is  too  loose  (to  pass  to  the  other  ex- 
treme) from  excess  of  sand  and  deficiency  of  clay, 
unretentive  of  moisture,  rain  water  passing  through 
it  almost  unobstructed,  fatally  parched  in  dry 
seasons,  and  never  productive  excepting  in  moist 
ones,  what  is  the  corrective  to  be  applied?  Is 
it  not  obviously  an  addition  of  that  adhesive  plastic 
element  — clay,  which  is  deficient  ? Respecting 
this,  there  can  be  no  doubt.  But  a doubt  may 
arise  in  the  mind  of  the  proprietor,  whether  the 
improvement  calculated  on  may  be  worth  the  ex- 
pense that  must  be  incurred.  The  determination, 
the  solving  of  the  doubt,  must  of  course  rest  on  a 
variety  of  circumstances  chiefly  local,  all  con- 
nected with  economical  views, — as  the  probable 
quantity  of  clay  required,  the  distance  from  which 
it  is  to  be  brought,  &c.,  circumstances  I need  not 
dwell  on  or  particularise. 

Of  the  other  order  of  defects,  those  depending 
upon  the  chemical  composition  of  soils,  I can 
speak  with  less  confidence ; for  the  subject  is  a 
difficult  one,  partly  owing  to  its  nature,  and  partly 
to  the  little  attention  it  has  yet  received,  espe- 
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cially  in  the  West  Indies.  If  we  are  to  start 
from  principles,  certain  questions  must  be  asked 
and  answered  to  enable  us  to  make  a successful 
beginning;  such  as,  what  is  the  exact  compo- 
sition of  soil  best  adapted  to  any  particular  crop — 
for  example,  the  sugar  cane  ? If  this  can  be  deter- 
mined, then  we  should  have  a principle  to  guide  us ; 
we  should  be  no  longer  groping  as  it  were  in  the 
dark:  then  the;. object  of  the  planter  would  be  to 
approximate  as  much  as  possible  all  his  soils  to  the 
high  standard  soil ; but  which  he  can  only  do,  by 
knowing  their  composition,  what  elements  are  in 
excess  or  in  deficiency,  or  altogether  wanting, 
compared  with  the  standard.  At  present,  I fear 
the  state  of  tropical  agriculture  is  not  sufficiently 
advanced  to  enable  us  to  say  what  this  standard 
soil  is,  how  it  is  constituted ; and  it  may  be  long 
before  the  problem  will  be  solved ; and  certainly, 
never  without  the  aid  of  scientific  research  and 
the  joint  operation  of  the  man  of  science  and  of 
the  practical  agriculturist — or,  what  would  be  best, 
the  union  of  the  two  — one  who  would  be  capable 
of  testing  and  analysing  soils,  with  opportunities 
of  comparing  their  produce  with  their  compo- 
sition, and  of  instituting  experiments  on  soils 
artificially  compounded,  in  further  proof  of 
the  accuracy  of  his  deductions.  Such  trials, 
allow  me  to  observe,  are  well  worthy  of  atten- 
tion and  of  encouragement  from  this  and  the 
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other  agricultural  societies  of  Barbados : and  I 
trust  there  is  a gentleman  holding  an  elevated 
grade  in  one  of  those  societies,  who,  as  I believe 
he  is  competent  to  the  inquiry,  will  be  disposed  to 
engage  in  it,  and  will  find  leisure  for  it,  during 
intervals  that  he  is  not  performing  the  high  func- 
tion to  which  he  has  recently  been  called  in  your 
House  of  Assembly.*  After  what  I have  said,  I 
need  hardly  remark  that  at  present  it  appears  to 
me  that  conjectures  only  can  be  offered  on  the 
composition  of  the  soil  best  fitted  for  the  perfec- 
tion of  the  sugar  cane.  From  the  limited  observ- 
ations I have  yet  had  an  opportunity  of  making,  I 
am  disposed  to  offer  it  as  my  opinion  that  soils 
principally  calcareous  are  the  soils  in  question, 
such  as  the  chalky  and  marly.  These  soils,  as  re- 
gards physical  condition,  possess  all  the  proper- 
ties most  desirable  in  a soil.  And,  as  regards  che- 
mical composition,  they  may  be  held  to  be  nowise 
defective  when  they  contain,  besides  carbonate  of 
lime  and  a portion  of  alumine,  some  magnesia 
and  silica,  with  the  phosphate  of  lime,  and  the 
vegetable  alkali,  as  is  commonly  the  case  in  the 
instances  of  the  chalk  and  marl  of  this  island,  — 
most  of  them  inorganic  elements,  found  in  the 
ashes  of  the  cane,  and  that  very  generally.  I have 
already  adduced  an  example  of  what  appears  to 

* Dr.  Goding,  then  Speaker  of  the  House  of  Assembly. 
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be  the  admirable  fitness  of  a chalky  soil  for  cane 
cultivation.  I did  not  specify  the  exact  locality 
where  the  cane  grows  so  well  without  manure,  — 
which  I ought  to  have  done,  to  escape,  perhaps, 
the  censure  of  hasty  generalisation.  The  spot  so 
pointed  out  to  me  was  in  a part  of  Welchman’s 
Hall  Estate,  situated  below  the  limitary  coral 
cliff.  Other  examples  might  be  mentioned  of 
soils  of  the  same  kind  being  eminently  productive. 
Is  not  the  lower  portion  of  the  Codrington  Col- 
lege  estate  such  an  instance,  where  the  soil  is  an 
argillaceous  calcareous  marl,  with  a sufficiency  of 
silica,  and  some  phosphate  of  lime  ? In  Antigua 
there  are  striking  examples  of  it : the  most  valu- 
able estates  of  that  island  have  a soil  of  calcareous 
marl,  with  a subsoil  of  the  same — a marl  similar 
in  composition  to  the  best  in  Barbados^  And 
such  lands,  I was  informed  on  the  spot,  commonly 
yield  three  hogsheads  of  sugar  per  acre,  occa- 
sionally, and  not  unfrequently,  more ; they  require 
little  manure,  and  are  as  fertile  now  as  when  they 
were  first  brought  into  cultivation,  some  of  them 
more  than  a century  ago. 

It  is  true,  moreover,  and  deserving  of  all  con- 
sideration, that  there  are  other  kinds  of  soils, 
both  in  Barbados  and  in  Antigua,  which  I am 
informed  yield  sugar  superior  to  the  average, 
and  in  fair,  although  not  in  large,  proportional 
quantity.  In  these,  as  far  as  I have  had  an 
opportunity  of  judging,  the  same  elements  exist 


OF  BARBADOS. 


195 


as  in  the  calcareous  soils,  although  in  widely 
different  proportions ; lime  and  magnesia  in  small 
quantity,  and  the  phosphate  of  lime  rather  in 
the  manure  than  in  the  soil.  This  is  a fact 
which  suggests  another  train  of  inquiry  in  con- 
nection with  the  first,  viz.  what  are  the  propor- 
tions in  which  certain  inorganic  elements,  when 
required,  should  be  introduced  into  a soil,  with  a 
view  to  economy  and  the  greatest  profit  ? 

As  regards  the  improvements  of  the  soils  of 
Barbados,  whether  in  relation  to  physical  condi- 
tion or  chemical  composition,  many  of  the  circum- 
stances of  your  estates  are  highly  favourable,  and 
may,  I think,  in  truthfulness,  be  adduced  as  matter 
of  congratulation.  Sea-sand,  composed  chiefly  of 
comminuted  shell,  containing,  besides  carbonate  of 
lime,  a little  phosphate  of  lime,  and  animal  matter, 
such  as  is  the  composition  of  this  sand  on  two  thirds 
of  the  shores  of  this  island ; marl,  containing  the 
majority  of  the  inorganic  elements  of  the  sugar 
cane,  of  such  common  occurrence  that  hardly  an 
estate  in  the  larger  portion  of  Barbados  is  with- 
out its  marl  pit;  chalk,  which  in  chemical  compo- 
sition is  very  little  different  from  marl,  and  might 
be  superior  to  it  were  it  reduced  to  powder,  in 
certain  situations  existing  in  vast  quantities : 
these  are  some  of  the  happy  means  with  which,  I 
may  say,  Nature  has  provided  you,  capable  of 
effecting,  I believe,  most  of  the  improvements 
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required  in  the  constitution  of  the  more  tenacious 
and  too  argillaceous  soils,  which  are  the  most  im- 
portant and  extensive,  and  with  a probability  at 
the  same  time  of  having  their  composition  im- 
proved. And,  then,  for  the  lighter  and  too  sandy 
soils,  of  which  I believe  the  proportion  is  small, 
the  abundance  of  clay  at  hand  in  most  situations 
affords  ready  and  ample  means  of  amelioration. 
Of  the  good  effect  of  such  an  addition  on  a small 
scale,  a striking  example  offers  at  the  Crane,  a 
spot  in  many  respects  remarkable ; where  we  wit- 
ness an  apparent  retiring  of  the  sea,  owing  to  a 
vast  accumulation  of  sand  on  the  shore  ; and  there, 
in  this  sand,  below  the  cliff,  where  once  the  waves 
broke,  of  which  the  effects  are  manifest  in  the 
manner  the  base  of  the  cliff  is  worn  away,  — 
fruit  trees  are  now  flourishing,  a garden  has  been 
formed ; and  all  that  has  been  found  necessary  in 
the  planting  of  the  trees  has  been  to  introduce 
about  their  roots  a little  ordinary  soil ; the  cocoa- 
nut,  when  deposited,  not  even  requiring  this. 
And  not  only  do  most  fruit  trees  flourish  there  — 
such  as  the  orange,  the  lime,  the  bread-fruit  tree, 
&c.  — but  even  the  sugar  cane  ! I was  informed 
by  the  proprietor,  that  it  is  difficult  to  get  it  to 
grow,  but  that  when  it  passes  its  early  stage  its 
growth  is  of  extreme  luxuriancy. 

Such  means  as  those  I have  mentioned  — such 
facilities  for  the  improvement  of  your  soils  — are 
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unquestionably  great  advantages,  and,  with  the 
qualities  of  your  soils  generally,  as  I have  already 
said,  a subject  for  congratulation ; and  they  are 
advantages  which  will  be  even  increased  when 
rendered  more  available,  as  it  is  to  be  hoped  they 
soon  will  be,  by  railway  communication  encircling 
the  whole,  or  at  least  the  greater  part,  of  the 
island.  This  is  an  undertaking  which,  if  properly 
conducted,  cannot  fail  of  success.  And  with  its 
success,  depending  on  judicious  and  intelligent 
exertion  and  enterprise,  may  it  not  be  anticipated 
that  other  exertions  will  be  made  in  the  same 
spirit,  conducive  directly  or  indirectly  to  the  im- 
provement of  agriculture,  and  to  an  increase  of 
prosperity?  For,  allow  me  to  ask,  what  branch 
of  it,  or  of  the  manufacturing  processes  connected 
with  it,  whether  the  making  of  sugar  or  of  rum, 
can  be  considered  perfect,  or  even  a near  approach 
to  perfection  ? 

Regarding  the  present  time,  which  is  called, 
and  perhaps  justly,  a critical  time,  I would 
observe,  that  this  is  remarkable  in  the  history 
of  mankind  — to  wit : that  periods  of  difficulty 
have  always  preceded,  or  have  always  accom- 
panied, those  of  improvement  and  advance ; 
and,  I apprehend,  for  the  simple  reason,  that  it 
is  commonly  only  by  difficulties  that  the  mind  is 
roused  to  exertion,  and  that  no  great  change 
or  advance  can  be  made  without  exertion 
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of  mind.  The  West  Indies,  I am  very  san- 
guine, with  this  island  taking  the  lead,  will 
afford  another  example  of  such  success,  in  a 
flourishing  and  prosperous  future,  the  result  and 
reward  of  such  exertion.  And  a bright  and  most 
encouraging  example  it  will  be,  taking  a view  of 
slave  and  free  labour,  viz.  that  what  is  right  mo- 
rally, is  right — that  is,  advantageous — politically. 
And  let  this  be  proved  — and  I am  very  confident 
it  will  be  proved  here  — not  that  free  labour, 
considered  by  itself,  is  cheaper  than  slave  labour, 
but  that  the  system  of  free  labour,  the  system  of 
freedom,  of  that  system  which  calls  into  action  3 
the  energies  of  man,  is  more  productive,  is  more 
profitable,  than  the  opposite  degrading  and  torpi- 
fying  system  of  slavery.  Let  this  be  clearly 
proved  within  the  tropics,  as  it  has  already  been 
proved  so  triumphantly  at  home,  comparing  the 
past  condition  of  our  country  with  its  present ; 
comparing  free  England  with  other  countries  of 
Europe,  hardly  yet  free,  that  have  not  yet  con- 
stitutions (a  most  significant  term),  — will  not  the 
argument  be  almost  irresistible  against  slavery 
and  slave  labour  ? My  own  belief  is  that  it  will 
be  so,  and  that  the  monstrous  evils  of  slavery 
(monstrous,  either  in  act  or  tendency)  will,  ere 
long,  be  entirely  got  rid  of:  an  aspiration,  I am 
confident,  which,  if  not  received  with  the  same 
strong  faith  in  its  completion,  will  be  met  with  as 
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strong  a feeling  by  all  here  assembled  in  favour 
of  it,  and,  perhaps,  even  with  a feeling  stronger 
and  more  lively  than  I can  have,  many  of  you 
having  witnessed  the  blessings  of  the  change  from 
the  one  system  to  the  other,  and  being  thankful  for 
it,  even  with  the  impression  of  having  sustained 
hitherto  a pecuniary  loss,  a diminished  annual 
income,  but  for  which  you  have  been  more  than 
repaid  by  the  various  benefits,  moral  and  social, 
the  results  of  emancipation. 

Gentlemen,  I must  now  hasten  to  conclude. 

J There  are  many  points  of  inquiry  connected  with 
your  soils  that  I have  not  even  touched  on,  and 
those  of  no  little  importance  : such  as  the  effect  of 
burning  where  there  is  an  apparent  excess  of 
vegetable  matter,  as  in  the  black  soils  of  Bar- 
bados ; the  state  and  proportion  of  the  vegetable 
matter  in  your  soils  generally ; the  question  of  the 
exhausting  powers  of  different  crops,  and  the 
state  of  the  soil  in  such  lands  as  have  been  under 
cultivation  uninterruptedly  for  a long  series  of 
years;  the  effects  of  irrigation  as  a fertilising 
means ; the  peculiar  effects  of  different  kinds  of 
manures ; besides  other  and  hardly  less  interesting 
topics.  Having  occupied  so  much  of  your  time, 
I can  merely  allude  to  these  at  present ; perhaps, 
at  some  other  meeting,  should  it  be  your  wish,  I 
may  undertake  the  consideration  of  one  or  more 
of  them,  provided  my  official  duties  allow  me 
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leisure,  and  I shall  have  it  in  my  power  to  collect 
in  the  interim  information  such  as  will  enable  me 
to  bring  them  before  you  with  some  chance  of 
being  useful,  and  especially  in  the  way  of  opening 
and  exciting  inquiry  (a  word,  in  regard  to  the 
attainment  of  knowledge,  of  admirable  import), 
without  which,  systematically  conducted,  we  have 
no  right  to  expect  any  great  improvement  in 
agriculture,  whether  considered  as  an  art  or  a 
science ; or,  indeed,  in  any  other  departments  of 
the  arts  or  sciences. 


DISCOURSE  III. 


ON  MANURES,  AND  THE  PRINCIPLES  OF  THEIR 
• ACTION. 

Gentlemen,  — In  the  discourse  I am  about  to 
have  the  honour  to  address  to  you,  it  is  my  in- 
tention to  bring  under  your  notice  the  subject  of 
Manures.  To  you,  as  practical  agriculturists,  I 
need  not  insist  on,  or  endeavour  to  point  out,  its 
importance.  One  word  may  suffice  to  convey  an 
idea  of  it,  and  even  an  adequate  idea,  viz.  that 
manures  are  the  food  of  plants.  And  this  defi- 
nition suggests  the  analogy  that  exists  between 
plants  and  animals ; which  I shall  dwell  on  for 
a moment,  and  revert  to,  because  I believe  it 
to  be  instructive,  or  fitted  to  bring  clearly  to  the 
mind  some  general  views  which  may  be  an  aid  in 
discussing  the  subject,  considered  scientifically  ; 
that  is,  as  regards  principles  or  general  rules 
deduced  from  facts  or  experience,  and  themselves 
applicable  to  practice. 

Plants  and  animals  have  in  common  the  dis- 
tinctive property  of  reproduction,  a power  exer- 
cised by  means  either  of  a bud,  slip,  seed,  or  ovum, 
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the  seed  of  one  being  analogous  to  the  ovum  of 
the  other ; whilst  the  bud  or  slip  manner  of  gene- 
ration are  common  to  both,  and  constitute  one  of 
their  most  remarkable  links.  Having  a common 
mode  of  origin,  so  they  have  of  growth : as  the 
animal  grows,  not  like  the  mineral  from  accretion 
from  without,  but  by  deposition  from  within,  so 
likewise  does  the  plant.  Both  plants  and  animals 
are  nourished  by,  and  owe  their  growth  to,  foreign 
matter  introduced  from  without ; and  both  cease 
to  grow,  both  waste,  and  ultimately  perish,  if  the 
foreign  matter  constituting  their  food  be  with- 
drawn. To  both,  warmth,  light,  air,  and  moisture 
are,  in  certain  degrees,  essential  to  their  well- 
being ; and  to  both,  in  other  degrees,  these  are 
injurious.  Whilst  there  are  thus  certain  resem- 
blances between  plants  and  animals,  there  are  also 
marked  and  characteristic  differences.  The  two 
most  remarkable  are  intimately  connected  with 
the  subject  under  consideration — the  kind  of  food 
required  by  each,  and  the  kind  of  organs  belong- 
ing to  each  for  its  reception.  A mouth  and 
stomach  appear  to  be  essential  to  the  animal,  in 
which  the  food  taken  is  prepared,  more  or  less, 
for  distribution  and  nourishment.  In  the  plant,  the 
preparation  appears  to  be  external,  viz.  in  the  soil, 
from  whence  the  nutritive  fluid  is  absorbed  by 
the  delicate  roots,  and  by  them  conveyed  for  dis- 
tribution where  required.  As  to  food,  animals 
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are  dependent  for  their  support  on  one  another,  or 
on  vegetables.  Plants,  on  the  contrary,  are  not 
so  dependent ; they  derive  their  support  from  the 
soil  and  from  the  atmosphere : and  whilst  animals, 
in  the  act  of  supporting  themselves,  convert  or- 
ganic into  inorganic  matter,  vegetables  in  their 
growth  have  the  opposite  effect  — they  create  or 
form  organic  from  inorganic  materials ; are,  in 
brief,  organisers  for  the  sustentation  of  animal  life. 
Let  us  take  an  example : — A single  seed  of 
Guinea  corn  ( Sorghum  vulgar  e),  weighing  about  a 

(quarter  of  a grain,  planted  in  an  artificial  soil 
composed  of  several  earths,  and  containing  a little 
phosphate  of  lime,  and  salts  of  the  vegetable  and 
volatile  alkali,  under  favourable  circumstances, 
with  sufficiency  of  moisture  from  rain,  will  rapidly 
vegetate,  give  rise  to  a plant  many  feet  in  height, 
and  in  less  than  six  months  yield  a ripe  head  of 
corn,  weighing,  in  its  dry  state,  1685  grains,  and 
containing  3537  grains  of  seed;  for  such  I have 
found  to  be  the  weight  of  a head  of  average  size, 
and  such  the  number  of  the  seed  it  contained: 
the  weight  of  the  seed  alone  was  1460  grains. 
What  a vast  increase  is  here ! And  if  we  examine 
the  parts  of  the  plant,  its  roots,  its  stem,  its 
leaves,  its  seed,  we  shall  find  them  composed  of 
substances  differing  altogether  from  the  materials 
which  had  constituted  the  food  of  the  plant;  a 
difference  depending  on  a new  combination  of 
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elements,  — on  a change,  in  brief,  from  inorganic 
to  organic  compounds. 

There  is  another  point  of  difference,  and  a very 
interesting  one,  between  plants  and  animals — the 
effect  they  have  on  the  atmosphere,  comparing  the 
leaves  of  the  one  with  the  lungs  of  the  other. 
Animals  inhale  common  air,  consisting  of  azote 
and  oxygen ; a portion  of  the  latter  disappears, 
and  its  place  is  supplied  by  carbonic  acid,  which 
is  a compound  of  carbon  and  oxygen,  and  which 
is  expired ; and  consequently,  in  respiration,  ani- 
mals are  consumers  of  carbon,  and  its  consump- 
tion is  attended  with  the  production  of  animal 
heat.  Vegetables,  on  the  contrary,  absorb  or 
take  in  carbonic  acid,  and  exhale  oxygen,  by  their 
leaves,  and,  consequently,  are  accumulators  of 
carbon,  and,  it  may  be,  have  the  effect,  in  evolving 
oxygen,  of  occasioning  a reduction  of  tempera- 
ture, or  of  creating  a cooling  process,  the  opposite 
of  that  of  the  animal  heating  process.  Should 
this  be  proved  to  be  the  case,  it  will  be  another 
example  of  wise  and  most  happy  adaptation. 

I have  spoken  of  vegetables  as  organisers,  or 
the  producers  of  organic  compounds  for  the  sup- 
port of  animal  life  : taking  another  view,  animals 
may  be  considered  as  performing  a part  as  essen- 
tial to  vegetable  life,  that  of  disorganisers ; what 
is  excrementitious  from  them  being  so  reduced  as 
to  have  the  character  rather  of  inorganic  than  of 
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organic  compounds ; whether  it  be  carbonic  acid, 
with  which  they  contaminate  the  air  in  respiration, 
— their  gaseous  excrement,  — or  their  liquid  and 
consistent,  derived  from  the  other  excreting  organs 
and  passages  of  the  body.  These  matters,  which 
are  destructive  to  animals,  and  not  only  to  the 
animals  that  void  them  but  to  animals  generally, 
may  be  held  to  be  the  highest  kind  and  most 
appropriate  food  of  plants.  And  the  more  we 
reflect  on  this,  the  more  we  are  convinced  of  its 
truth,  the  more  we  must  admire  the  connection 
and  mutual  dependence.  The  animal  enriching 
the  air  for  the  use  of  the  plant,  the  plant  purify- 
ing the  air  for  the  use  of  the  animal,  and  the 
same  in  regard  to  the  soil,  offer  a lesson  to  man 
of  a very  instructive  kind,  most  beneficial  when 
carried  practically  into  effect,  most  injurious  when 
neglected : in  the  one  instance  insuring  fertility 
and,  I may  add,  salubrity ; in  the  other,  the  pro- 
duction of  sterility  and  disease. 

Let  us  now,  for  a moment,  take  a glance  at 
the  composition  of  plants  and  animals.  Both  may 

I be  considered  as  composed  of  nearly  the  same 
elements,  few  in  number,  but  variously  united,  so 
as  to  give  rise  to  very  many  different  compounds. 
The  principal  constituent  elements  of  both  are 
carbon,  hydrogen,  and  azote,  oxygen,  lime,  potash, 
silica,  and  phosphorus.  Of  these,  carbon  and 
silica  preponderate  in  plants  (silica,  indeed, 
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strictly  is  confined  to  plants) ; azote  and  phos- 
phorus preponderate  in  animals.  In  plants,  a 
large  proportion  of  carbon  and  silica  are  ex- 
pended in  forming  the  woody  fibre,  the  framework 
of  the  vegetable  structure,  and  the  epidermis,  che 
resisting  outer  covering ; whilst  in  animals,  the 
azote  and  phosphorus  are  as  largely  expended  in 
producing  the  organs  of  locomotion,  the  muscles 
and  bones.  And  in  each  instance  we  witness  the 
usual  happy  economy  of  nature,  and  fitness  of 
means  to  an  end.  Plants,  being  fixed  to  the  soil, 
take  from  it  that  which  is  almost  always  abun- 
dant in  a fertile  soil, — silica,  a substance,  even  in  a ' I 
thin  and  delicate  layer,  imparting  great  power  of 
resistance,  and  far  less  soluble  when  acted  on  by 
rain  than  the  less  common,  or  at  least  less  abun- 
dant, phosphate  of  lime.  Animals,  on  the  con- 
trary, being  able  to  range  abroad  in  quest  of  food, 
select  such  kinds  as  contain  phosphate  of  lime  and 
azote,  and  these  kinds  such  as  admit  of  digestion 
and  assimilation,  and  of  conversion  into  bone, 
muscle,  &c. ; following,  in  so  doing,  their  natural 
tastes,  undoubtedly  instinctively  directed. 

Leaving  these  general  views,  it  may  be  well  to 
consider  the  subject  we  have  entered  upon  some- 
what in  its  details. 

Physiologists  who  have  directed  their  attention 
specially  to  the  food  of  animals  have  arrived  at 
the  conclusion,  that,  amidst  the  extraordinary 
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variety  of  articles  capable  of  supporting  animal 
life,  there  are  three  which  may  be  considered  as 
of  most  importance,  and,  as  it  were,  elementary 
alimentary  substances  — substances  which  are 
found  in  milk,  viz,,  an  albuminous  matter,  the 
curd  ; an  oily  matter,  the  cream ; a saccharine 
matter,  the  sugar  of  milk.  It  seems  to  be  proved, 
by  a wide  induction  of  facts,  that  articles  contain- 
ing these  substances,  or  their  analogues,  such  as 
starch  for  sugar,  muscle  for  curd,  any  kind  of  fat 
for  cream,  are  fit  for  the  food  of  animals  generally, 
and  that  no  articles  are  fit  that  do  not  contain 
more  or  less  of  these.  These  substances,  taken 
into  the  stomach,  are  converted  into  a pultaceous 
semi-fluid  chyme  ; from  whence  a milk-like  chyle 
is  formed ; and  from  whence  blood,  by  which 
every  part  of  the  body  is  nourished  in  its  constant 
circulation. 

The  results  of  the  inquiries  of  physiologists  as 
regards  the  food  of  vegetables  have  not  been  so 
well  defined  and  satisfactory.  As  the  sap  of 
plants  is  a fluid,  and  transparent,  we  are  sure  that 
complete  solution  is  essential  as  a preliminary, 
and  that  nothing  enters  the  spongioles  of  the 
roots  organic  in  its  structure,  a state  of  perfect 
solution  being  incompatible  with  such  structure. 
The  principal  part  of  the  sap  is  water;  in  it  are 
dissolved  carbonic  acid,  phosphate  of  lime,  carbo- 
nate of  lime,  carbonate  of  potash,  and,  in  very 
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many  instances,  silica.  And  these  inorganic  sub- 
stances, I apprehend,  are  to  the  plant  for  its  food 
what  the  organic  substances  before  mentioned  are 
to  the  animal  for  the  same  purpose ; and  these 
are  not  less  elementary  than  those  as  nutritive 
principles.  The  sap  so  impregnated,  passes  from 
the  rootlets  by  ascending  vessels  to  the  leaves, 
undergoing  some  change  in  its  passage,  but  a 
greater  change  in  the  leaves,  where  carbonic  acid 
is  decomposed  under  the  influence  of  light,  oxy- 
gen evolved,  and  woody  fibre  either  formed  com- 
pletely, or  a substance  formed  about  to  become 
woody  fibre,  and  to  be  deposited  by  the  sap  in  its 
descent  through  another  order  of  vessels.  And 
as  in  the  animal  frame  very  different  compounds 
are  secreted  by  different  glands,  so,  too,  in  the 
vegetable  a vast  variety  of  compounds  are  pro- 
duced by  an  analogous  function  of  secretion ; 
tubes  and  cells  in  the  latter  corresponding  to 
srlands  in  the  former,  the  ultimate  structure  of 
which  is  also  similar,  the  glands  being  congeries 
of  tubes  or  cells. 

Returning  to  the  sap,  it  may  be  asked — and  it  is 
an  important  question  — How  are  certain  of  the 
substances,  which  I have  mentioned  as  essential 
to  this  nutritive  fluid,  dissolved  in  the  water  of 
the  sap ; such  as  phosphate  of  lime,  carbonate  of 
lime,  silica,  themselves  insoluble  in  water?  My 
belief  is,  and  it  is  founded  upon  experiments 
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which  I have  made,  that  their  solution  is  effected 
by  the  carbonic  acid  in  the  sap.  It  is  well  known 
how  soluble  carbonate  of  lime,  and  I may  add 
carbonate  of  magnesia,  is  in  water  containing  car- 
bonic acid ; it  is  quite  certain  that  phosphate  of 
lime  is  also  soluble  in  the  same,  and  that  not  in 
an  inconsiderable  degree;  and  the  experiments 
which  I have  made  on  silica  to  me  are  convincing 
that  it.  likewise  is  soluble  in  water  impregnated 
with  carbonic  acid,  though  in  a degree  very  much 
less  than  phosphate  of  lime. 

Taking  this  for  granted,  a certain  simplicity  is 
imparted  to  the  theory  of  the  nutritive  process  of 
plants.  A fluid  medium,  water,  holding  a gaseous 
acid,  carbonic  acid,  is  the  menstruum  of  the  inor- 
ganic substances  derived  from  the  soil  which  the 
plant  requires  for  its  healthy  growth.  This  com- 
pound solution  becomes  exposed  in  the  leaves  to  the 
action  of  light,  and  to  the  evaporating  agency  of 
the  winds ; the  carbonic  acid  undergoes  decompo- 
sition as  already  mentioned,  carbon  being  detained 
for  the  use  of  the  plant,  oxygen  being  exhaled ; a 
portion  of  the  water  is  removed  by  evaporation, 
and,  in  consequence,  the  solvent  power  of  the 
menstruum  is  diminished,  and  depositions  of  silica 
and  carbonate  of  lime  and  other  ingredients  take 
place.  This  view,  it  appears  to  me,  is  not  only 
recommended  by  its  simplicity,  but  also  by  a 
certain  beauty  and  exactness  of  adjustment  and 
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economy  of  means.  Is  it  not  very  admirable  that 
a gaseous  acid,  which  with  water,  is  to  yield  to 
the  plant,  by  decomposition,  its  organic  elements, 
should  be  the  solvent  and  vehicle  of  its  inorganic 
parts  ? 

Limited  as  I am  in  the  delivery  of  this  dis- 
course by  time,  my  main  object  has  been  to  give 
general  views,  precise  in  themselves,  and  I believe 
correct,  and  involving  principles  capable  of  being 
carried  out  into  practice,  the  test  and  confirmation 
of  scientific  truths. 

On  the  practical  part  of  the  subject  of  manures, 
it  is  not  my  intention  to  enter  at  any  length.  I .1 
have  neither  time  for  it,  nor  the  experience  requi- 
site to  do  it  justice,  or  to  treat  of  it  in  the  manner  I 
could  wish.  In  the  further  observations  which  I J?f 
propose  to  make,  I shall  restrict  myself  to  such  If 
remarks  as  I hope  may  be  suggestive,  may  excite  I)] 
curiosity  and  inquiry,  and  so  have  a chance  of  If 
being  useful ; intelligent  inquiry  being,  as  I think, 
the  one  thing,  perhaps,  the  most  needful,  without 
which  agriculture  can  never  steadily  advance,  and 
under  which  it  cannot  fail  to  advance,  and  from 
an  art,  which  it  is  at  present,  and  obscure  in 
many  of  its  parts,  become  a science  as  certain  in 
its  results  as  is  compatible  with  the  uncertainty  of 
the  weather,  and  of  other  circumstances  not  under 
the  controlling  power  of  man. 

What  are  the  principal  sources  of  manures  or 
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of  fertilising  means  ? I shall  briefly  speak  of 
them  under  a few  heads  : — 1st,  of  the  atmosphe- 
ric, chiefly  in  the  form  of  rain  ; 2dly,  of  animal 
matter ; 3dly,  of  vegetable  matter ; and,  lastly, 
of  mineral. 

1st,  Of  the  fertilising  means  derived  from  the 
atmosphere.  — The  atmosphere,  as  you  are  aware, 
is  a mixture  of  two  gases,  azote  and  oxygen,  in 
certain,  almost  constant  proportions,  and  of  car- 
bonic acid  and  aqueous  vapour ; the  former  in 
small  quantity,  little  variable,  the  latter  in  a vari- 
able quantity,  and  extremely  variable,  according 
to  circumstances  of  temperature  and  other  influ- 
ences on  which  its  increase  and  diminution  de- 
pend. And  besides  these  ingredients,  there  is 
reason  to  infer  that  various  other  substances  are 
either  suspended,  floating  as  minute  particles  — 
organic  and  inorganic,  — dust  of  several  kinds,  or 
dissolved  in  the  air,  such  as  carbonate  of  ammonia, 
common  salt,  and  some  other  salts  derived  from  the 
sea.  The  most  important  of  all  these  atmospheric 
ingredients  are,  undoubtedly,  the  oxygen,  azote, 
carbonic  acid,  aqueous  vapour,  and  ammoniacal 
salt.  I should  exceed  my  limits  as  to  time  were  I to 
enter  into  particulars  on  the  fertilising  agency  of 
any  one  of  these  substances.  Aqueous  vapour 
condensed  and  precipitated,  you  know,  occasions 
rain,  — is  in  fact  rain.  When  it  falls,  it  brings 
down  with  it  carbonic  acid,  some  oxvsren,  and 
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azote,  and  there  is  reason  to  believe,  a minute  por- 
tion of  carbonate  of  ammonia,  all  dissolved  in  it. 
Rain  moistening  dead  vegetable  and  animal  matter 
at  the  surface  of  the  earth,  favours  their  decomposi- 
tion, and  the  evolution  of  carbonic  acid  and  of  car- 
bonate of  ammonia ; penetrating  beneath  the  sur- 
face, descending  into  the  soil,  it  has  a like  effect 
there ; and  there  becoming  impregnated  by  means 
of  its  solvent  power  with  what  is  found  in  a fertile 
soil,  the  substances  already  alluded  to,  as  phos- 
phate of  lime,  carbonate  of  lime  and  magnesia, 
carbonate  of  potash,  and  silica,  it  passes  into  the 
growing  plant,  absorbed  by  its  roots,  and  becomes 
its  nutritive  sap.  Thus  complicated  is  rain  in  its 
agency  ; so  various  are  the  circumstances  which 
concur  to  this  agency  ; and  so  happily  are  they 
connected,  one  favouring  the  action  of  the  other, 
and  all  promoting  the  process  of  vegetation. 
Reflecting  on  these  circumstances,  we  cease  to 
wonder  at  the  growth  of  forests  in  a state  of 
nature,  in  which  for  a long  series  of  years  vege- 
table matter,  living  or  dead,  is  constantly  accu- 
mulating, deriving  its  elements  solely  from  the 
atmosphere  and  the  soil ; and  by  what  it  abstracts 
from  the  former  greatly  enriching  the  latter. 

2dly,  Of  the  fertilising  means  derived  from 
animal  matter.  — I have  already  alluded  to  the 
composition  of  animal  matter,  and  how,  as  regards 
its  ultimate  elements,  excepting  that  it  contains 


S' 

0 

If 

1)1 

(3 

ini 

it 

I 

• at( 
j act 

I 

'"il 
I urii 

I 

IfJOl 

[lie 


PRINCIPLES  OF  THEIR  ACTION.  213 


no  silica,  it  differs,  compared  with  those  of  vege- 
tables, rather  in  proportion  than  kind.  Readily 
putrifying  under  the  influence  of  oxygen  and 
moisture ; readily  giving  up  its  elements  in  the 
form  of  carbonic  acid,  carbonate  of  ammonia, 
phosphate  of  lime,  it  is  easy  to  conceive  how  it 
may  promote  vegetable  growth,  and  especially 
the  growth  of  those  plants,  into  the  composition 
of  which  much  azote  and  phosphate  of  lime  enter, 
as  in  the  instance  of  all  the  corn-bearing  grasses 
and  all  the  leguminous  plants,  and,  in  brief,  all 
those  which  are  highly  nourishing  as  the  food  of 
animals.  When  I speak  of  animal  matter,  I 
speak  of  it  almost  without  exception ; every  part 
of  an  animal  (excepting,  indeed,  fat,  a substance 
which  contains  no  azote  or  phosphate  of  lime,) 
being  adapted  by  its  composition  to  have  a fer- 
tilising effect,  whether  bone,  or  hair,  skin,  or 
muscle,  whether  blood  or  urine.  This  general 
fitness  of  animal  matter  for  the  purposes  of  manure 
is  most  deserving  of  being  kept  in  mind,  associ- 
ated with  the  fact  that  the  animal  matter  does  not 
act,  except  when  undergoing  decomposition  ; that 
is,  it  is  not  the  blood  that  fertilises  applied  to  the 
soil,  but  the  elements  of  the  blood,  and  so  of  the 
urine  and  other  excreta.  I beg  to  call  your 
attention  to  this,  because  it  appears  to  me  that 
economy  is  not  observed  in  the  West  Indies  in 
the  use  of  animal  manures.  Large  quantities  of 

r 3 


214 


ON  MANURES  AND  THE 


guano  are  imported  at  a great  cost,  and  applied  to 
your  cane-fields,  whilst  the  bones  of  all  the 
cattle  that  are  killed  for  the  market,  or  die  of 
disease,  are  neglected.  I speak  of  guano  and 
bones  thus  together,  because  guano  contains  a 
large  proportion  of  the  same  ingredients  as  bone, 
viz.  phosphate  of  lime,  and  so  far  they  are  adapted 
to  act  the  same  part.  Besides  phosphate  of  lime, 
guano  contains  ammoniacal  salts.  It  is  a matter, 
as  you  are  no  doubt  aware,  derived  from  the 
excreta  of  sea  fowl,  their  urine  and  dung,  par- 
tially decomposed.  Its  nature  should  be  remem- 
bered ; it  should  be  remembered  that  the  excreta 
of  other  animals  are  hardly  less  valuable,  and 
without  exception ; and,  as  before  observed,  these 
are  the  matters  rejected  by  animals,  and  noxious 
to  them,  which  seem  by  nature  specially  intended 
to  be  the  food  of  plants.  Though  it  little  attracts 
common  attention,  there  is  not  an  animal  in  its 
wild  state  that  does  not  promote  vegetable  life ; 
the  urinary  secretion  of  the  smallest  insect  differs 
but  little  from  that  of  the  sea  fowl,  the  source  of 
guano,  and,  in  consequence,  even  when  insects 
are  destructive,  they  may  fertilise,  so  that  some- 
times it  may  be  a problem  whether  the  good 
effected  by  them  in  one  way  may  not  prepon- 
derate over  the  evil  they  occasion  in  the  other. 
But  it  is  not  my  wish  to  appear  paradoxical ; I 
mention  these  circumstances  because  I believe 
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them  to  be  deserving  of  attention,  and  fit  to  illus- 
trate  the  nature  of  animal  manures. 

3dly,  Of  the  fertilising  means  derived  from  vege- 
table matter.  — That  vegetable  matter  should  be 
fit  to  be  the  food  of  plants  is  most  easy  to  be  con- 
ceived a priori , and  that  it  is  fit,  is  proved  by  the 
most  extensive  experience,  and  this  generally,  and 
without  exception,  in  different  degrees,  as  in  the 
instance  of  animal  matter;  and  also  as  in  the 
instance  of  animal  matter  when  undergoing  de- 
composition ; that  is,  when  under  the  influence  of 
moisture  and  atmospheric  air,  the  vegetable  matter 
is  becoming  resolved  into  the  compounds  from 
whence  it  originated.  It  is  a happy  circumstance 
for  agriculture  that  vegetable  matter,  in  a dry 
state,  undergoes  little  or  no  change  on  the  surface 
of  the  soil ; it  also  is  a happy  circumstance  that  it 
undergoes  little  or  no  change  under  the  soil,  even 
when  moist,  if  atmospheric  air  be  excluded. 
Moisture  and  atmospheric  air  are  essential  to  the 
growth  of  plants,  and  being  essential  also  to  the 
decomposition  of  vegetable  matter,  the  latter  takes 
place  when  it  can  be  useful  to  the  former.  One 
of  the  peculiarities  of  cane-cultivation  in  Bar- 
bados, and,  I apprehend,  a very  judicious  one,  is 
the  strewing  of  the  leaves  of  the  last  crop  on  the 
surface  of  the  cane-field,  to  protect  the  young 
plants  from  the  sun’s  rays  and  from  parching  winds. 
Conjoined  with  this  effect  is  another  which  takes 
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place,  though,  I believe,  not  contemplated,  viz. 
that  of  manuring  the  young  canes.  So  long  as 
drought  prevails  the  old  leaves  are  protectors, 
themselves  unchanged ; so  soon  as  the  rains  set 
in,  even  if  there  be  only  a single  shower,  their 
decomposition  commences,  and  their  fertilising 
influence  is  exerted. 

An  idea  commonly  prevails,  that  soils  by  long 
culture  are  worn  out  and  exhausted.  Under  one 
system  of  cultivation  this  may  be,  as  when  the 
crops,  the  produce  of  the  soil,  are  in  no  part 
returned  to  it ; but  it  cannot  be  in  ordinary  course 
if  the  reverse  practice  be  observed,  the  tendency  » 
of  vegetation  being  to  enrich  the  soil:  in  brief, 
the  great  fertility  of  what  are  called  virgin  soils 
appears  to  be  owing,  not  to  a state  that  the  word 
implies,  but  to  the  plants  which  have  grown  on 
such  a soil  having  undergone  decay  there,  and  by 
their  decay  manured  and  enriched  the  soil.  Take 
the  example  of  a native  forest:  the  trees  com- 
posing it  spread  their  roots  in  all  directions  and  to 
a considerable  depth,  from  whence  they  collect 
the  inorganic  materials  requisite ; these  are  con- 
veyed into  the  leaves  and  into  the  wood  of  the 
trunk  and  branches,  in  which  also  carbon  derived 
from  the  atmosphere  is  stored ; the  leaves  fall  and 
decay,  and  in  time  the  trees,  and  decompose,  and 
in  decomposing  give  carbonaceous  matter  to  the 
soil,  and  restore  the  inorganic  materials  extracted, 
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and,  as  it  were,  collected  and  concentrated.  Such 
is  the  natural  tendency  of  vegetation,  and  such, 
also,  is  the  effect  of  judicious  management  when 
green  crops  are  ploughed  in  as  manure,  or  when 
the  greater  part  of  the  ripe  crop  is  returned 
to  the  soil,  whether  directly,  as  in  the  instance  of 
the  application  mentioned,  of  the  leaves  of  the 
cane  to  the  surface  of  the  soil,  or  indirectly  in 
the  state  of  stable- dung  or  pen-manure,  the  vege- 
table matter  having  been  first  used  as  forage. 
This  view  is  simple  and  clear,  resting  on  the 
principle  that  vegetable  growth  and  the  enrich- 
ment of  the  soil  are  concomitant ; and  I believe 
that,  generally,  it  is  a principle  of  practical  appli- 
cation. There  are,  however,  facts  deserving  of 
attention  and  of  careful  study,  which  prove 
that  the  growing  of  plants  of  the  same  kind 
for  a series  of  years,  the  plants  decaying  where 
they  grew,  has  an  injurious  effect  on  the  soil,  as 
regards  its  power  of  supporting  these  plants,  indi- 
cated by  their  disappearing,  followed  by  other 
species  which  grow  luxuriantly,  proving  unex- 
hausted fertility  ; that  is,  that  the  soil  has  been 
so  modified  by  one  species  as  to  be  rendered 
unfavourable  to  it,  and  yet  favourable  to  another 
species.  Now,  what  is  witnessed  in  a striking 
manner  as  the  result  of  a long  series  of  years  in 
soils  under  forest  growth,  may  take  place,  though 
not  in  a marked  manner,  from  year  to  year  in 
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artificial  culture.  Moreover,  the  reverse  of  the 
preceding,  one  plant,  though  not  carried  off  the 
soil,  may  be  injurious  in  preparation  for  a crop 
even  of  another  plant.  I make  this  remark, 
keeping  in  mind  a fact  which  was  mentioned  to 
me  by  a gentleman  of  Barbados,  one  of  its  ablest 
practical  agriculturists ; it  was,  that  on  some 
estates  in  this  island,  the  growing  of  guinea  corn 
and  the  ploughing  or  turning  it  into  the  soil  in 
its  green  state,  had  a decidedly  injurious  effect. 
This  partial  effect,  and  the  effect  before  alluded 
to,  are  problems  which  are  yet  unsolved,  doubt- 
lessly admitting  of  solution,  but  of  solution  which 
can  only  be  attained  by  scientific  inquiry.  In 
the  instance  first  mentioned,  the  soil  beyond  a 
certain  depth  may  be  exhausted  of  the  inorganic 
matter  required  by  the  plant,  and  which  may  be 
accumulated  at  the  surface  in  a state  unfavourable 
to  the  exhausting  species,  and  yet  favourable  to 
another  species.  In  the  last  mentioned  instance, 
the  guinea  corn  may  so  unite  the  inorganic  ele- 
ments which  it  extracts  and  returns  to  the  soil, 
make  such  compounds  of  them  as  to  be  unfavour- 
able either  to  their  solution  and  entering  in  to  the 
sap,  or  if  soluble,  to  their  affording  supporting  nou- 
rishment to  the  cane.  These  are  mere  conjectures, 
but  whether  true  or  false,  can  be  determined  only 
by  exact  research. 

Lastly,  Of  the  fertilising  Means  derived  from 
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Mineral  or  Inorganic  Matter . — The  most  fertile 
soils  appear  . to  be  those  which  are  most  com- 
pounded, which  contain  the  largest  number  of  the 
inorganic  elements  of  plants,  and  in  a state  of 
minute  division  favouring  their  solution  to  enter 
into  the  composition  of  the  nutritive  sap.  Lime, 
magnesia,  silica,  potash,  phosphate  of  lime,  may 
be  mentioned  as  the  most  important  of  these  ; and 
these  may  exist  in  the  soil  in  different  states, 
either  as  free,  uncombined,  or  in  combination, 
constituting  mineral  species.  If  the  former,  they 
are  more  readily  yielded  up  to  the  growing  plants, 
and  the  soil,  without  care,  is  in  danger  of  being 
sooner  exhausted : if  the  latter,  they  are  yielded 
up  more  slowly,  as  the  minerals  decompose,  and 
in  consequence,  exhaustion,  even  with  bad  ma- 
nagement, is  difficult.  Such  fertilising  means  as 
these  in  the  soil,  depending  on  its  supplying  the 
inorganic  elements  of  plants,  are  obvious.  There 
is  another  source  of  fertility  in  the  soil  of  a more 
obscure  kind.  There  are  some  soils,  for  example, 
capable  of  yielding  nitre,  and  that  for  successive 
years.  Nitre,  you  know,  is  a compound  of  nitric 
acid  and  potash.  When  formed  in  a soil,  there 
is  reason  to  infer  that  invariably  the  alkali  is 
furnished  by  the  soil,  derived  from  a compound 
mineral,  and  that  the  elements  of  the  acid,  azote 
and  oxygen,  are  furnished  by  the  atmosphere, 
and  that  in  consequence  of  certain  ingredients  in 
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the  soil  favouring  the  union  of  these  elements, 
especially  lime,  the  acid  is  formed  and  the  salt  is 
produced.  So  there  are  other  conditions  of  soil 
in  which  clay,  and  perhaps  oxide  of  iron,  act  a 
part,  promoting  the  production  from  its  elements, 
viz.  azote  and  hydrogen,  of  ammonia,  or  the  vola- 
tile alkali.  And  as  the  substances  first  men- 
tioned, lime,  magnesia,  potash,  silica,  are  fertilisers 
as  inorganic  elements,  these  latter,  nitre  and  the 
volatile  alkali,  are  probably  useful  in  administer- 
ing to  the  formation  of  the  organic  parts. 

In  taking  a view  of  the  capabilities  of  a soil, 
let  me  add,  that  the  attention  should  be  given  to  » 
the  under  portion,  to  the  subsoil,  as  well  as  the 
surface  soil.  If  the  latter  be  neglected  and  never 
turned  up  and  brought  into  use,  great  may  be 
the  loss  to  the  agriculturist.  Water  holding 
carbonic  acid  in  solution,  I have  endeavoured  to 
show,  is  the  principal  agent  or  menstruum  by 
which  the  sap  is  formed  and  plants  are  fed.  This 
is  the  result  when  it  is  absorbed  by  the  roots, 
and  is  transmitted  by  their  ascending  to  be  dis- 
tributed to  the  various  parts  where  required; 
but  when,  instead  of  being  thus  absorbed,  it 
passes  from  the  soil  to  the  subsoil,  it  impoverishes 
the  former  and  enriches  the  latter,  removing  out 
of  it  more  or  less  of  the  soluble  constituents,  so 
that  you  may  have  at  the  same  time  an  exhausted 
surface  soil  and  a rich  subsoil,  requiring  only  a 
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change  of  place,  it  may  be,  a mixing  of  the  two, 
to  become  highly  productive. 

Gentlemen,  I must  now  bring  this  discourse  to 
a conclusion.  As  I began  it  with  drawing  your 
attention  to  the  analogy  between  plants  and 
animals,  I do  not  know  how  I can  better  finish 
it  than  by  reverting  to  that  analogy.  All  I have 
hitherto  said  has  been  on  the  subject  of  manures 
generally,  as  involving  common  principles  uni- 
versally applicable.  Not  a less  important  part  of 

I the  subject  is  that  of  special  manures,  or  of  the 
choice  of  manures  for  particular  crops ; and  this  is 
by  far  the  most  difficult  part,  and  the  one  hitherto 

I least  studied.  In  animals,  their  coarser  organisa- 
tion is  distinct.  If  we  examine  the  teeth  of  any 
particular  animal,  its  stomach,  its  intestines' — the 
main  organs  concerned  in  its  nourishment  — we 
have  no  difficulty  in  deciding  from  their  structure 
whether  the  individual  is  carnivorous  or  herbivo- 
rous, or  fitted  for  and  requiring  a mixed  diet  of 
animal  and  vegetable  food ; and  this,  be  it  one  of 
the  mammalia,  birds,  or  insects.  But  not  so  as 
regards  plants;  the  organs  concerned  in  their 
nourishment  are  so  minute  as  to  escape  detection 
by  the  eye  unaided  by  the  microscope ; and  even 
when  examined  by  this  help,  no  differences  cha- 
racteristic have  hitherto  been  detected,  admitting 
of  being  associated  with  the  quality  of  the 
nourishment  best  fitted  for  the  individual  plants. 


222  ON  MANURES  AND  THE 

This,  then,  (taking  it  for  granted,  and  it  seems  to 
be  proved  by  experience,  that  different  kinds  of 
plants  do  not  for  their  coming  to  perfection  re- 
quire one  kind,  but  different  kinds,  of  manure,) 
must  be  determined  by  other  means.  How  is 
this  important  object  to  be  accomplished?  I do 
not  know  how  it  can  be  well  accomplished,  ex- 
cept by  enlightened  experience  and  by  chemical 
research.  In  the  instances  of  the  corn-bearing 
grasses,  such  experience,  such  inquiry,  have  been 
highly  useful.  These  are  crops  which  are  ex- 
hausting to  the  soil,  the  grain  being  consumed  at 
a distance;  and  the  more  exhausting  when  the 
straw  also  is  removed  from  the  farm.  To  correct 
the  exhausting  effect,  one  of  two  measures  is 
adopted ; either  to  allow  the  land  to  remain 
fallow  for  a certain  period,  during  which,  owing 
to  the  decomposition  and  disintegration  of  mi- 
neral particles  in  the  soil,  and  the  addition  made 
to  it  from  the  atmosphere  by  the  agency  of  the 
elements,  and  by  rains  and  winds,  and  from  the 
subsoil,  by  the  penetrating  roots  of  native  grasses 
and  other  indigenous  plants,  the  loss  is  made 
good  of  these  inorganic  materials  carried  away ; 
or,  in  a more  summary  manner,  by  restoring  in 
manure  (aided  by  intervening  green  crops)  the 
ingredients  abstracted  and  lost  in  the  grain  and 
straw  — in  the  former  chiefly  phosphate  of  lime 
and  azote,  in  the  latter  chiefly  silica.  The  sum- 
mary or  shorter  way  last  mentioned  is  the  im- 
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proved  method,  the  result  of  scientific  research ; 
the  tedious  way  first  noticed  is  the  result  of  mere 
experience  unaided  by  such  research,  and  is  in 
many  respects  imperfect.  The  same  remarks,  I 
believe,  are  applicable  to  every  kind  of  crop. 
Take  the  most  important  with  which  the  interests 
of  the  West  Indies  are  connected,  the  sugar-cane. 
For  its  most  successful  cultivation — that  is,  its 
most  profitable  as  regards  its  produce  and  returns, 
supposing  the  fallow  system  to  be  put  aside  as 
least  judicious  — it  needs  to  be  determined  what 
kind  of  manure  is  best  fitted  to  bring  the  cane  to 
its  perfection  of  growth  as  a sugar-bearing  plant, 
and  with  most  economy,  keeping  in  view  the 
balance  sheet  of  an  estate.  If  the  problem  is 
entered  upon  by  the  agricultural  chemist,  as  I 
apprehend  it  should  be,  he  will  have  to  consider 
what  are  the  elements  constituting  sugar;  they 
are  oxygen,  hydrogen,  and  carbon,  elements  de- 
rived from  the  atmosphere,  either  directly  or  in- 
directly. He  will  have  to  consider  what  are  the 
elements  or  proximate  principles  of  the  saccha- 
rine juice,  as  extracted  by  pressure  from  the 
plant ; these,  besides  sugar,  are,  I believe,  chiefly 
starch,  in  minute  quantity,  and  albuminous  matter, 
or  a matter  containing  azote,  and  capable  of  ex- 
citing the  vinous  fermentation,  and  one  or  more 
vegetable  acids : he  will  have  to  consider  what 
are  the  elements  of  the  cellular  structure  of 
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the  plant  in  which  the  saccharine  juice  is  con- 
tained, and  the  composition  of  the  other  parts  of 
the  cane ; these  appear  to  be  very  much  the 
same  as  the  constituent  elements  of  the  stalk  and 
leaves  of  the  other  grasses,  viz.  phosphate  of 
lime,  silica,  lime,  magnesia,  and  potash,  with  the 
common  elements,  carbon,  oxygen,  and  hydrogen. 
Having  given  consideration  to  all  these  matters, 
he  may  offer  suggestions  for  trial.  As  the  cane 
contains  little  azotised  matter,  and  pure  sugar 
none,  he  may  suggest  that  the  manure  most  likely 
to  be  successful  is  one  composed  chiefly  of  vege- 
table matter,  or  one  in  which  the  proportion  of 
animal  matter  is  small.  As  the  sugar  and  other 
exports,  viz.  rum  and  molasses,  contain  very  little 
of  any  matter  of  a mineral  kind  derived  from  the 
soil,  he  will  conclude  that,  with  good  management, 
a cane-crop  is  not  exhausting;  and  that  if  the 
leaves  and  stalks  are  returned  to  the  soil,  the  land, 
instead  of  being  impoverished,  may  be  actually 
enriched,  inasmuch  as  there  is  given  to  the  soil  a 
vast  accession  of  vegetable  matter,  the  elements 
of  which  have  been  obtained  from  the  atmosphere, 
and  which  in  decomposing  render  up  these  ele- 
ments to  support  the  growing  crop,  being,  as  it 
were,  to  the  young  plant  what  the  milk  of  the 
mother  is  to  the  young  animal.  I should  add, 
that  the  inquiry  of  the  agricultural  chemist  will 
by  no  means  be  complete,  unless  his  attention  also 
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be  directed  to  the  soil,  and  that  not  only  once,  but 
at  intervals.  If,  on  his  first  examination  of  it,  he 
find  a marked  deficiency  in  it  of  phosphate  of  lime 
and  of  other  inorganic  substances  which  seem  to 
be  essential  to  the  composition  of  the  sugar-cane 
in  its  healthy  state,  he  will  suggest  the  use  of 
guano  as  a manure,  or  of  bone-dust,  or  of  marl 
containing  phosphate  of  lime,  according  to  circum- 
stances. If,  after  an  interval  of  a few  vears,  the 
land  having  yielded  good  crops,  he  examines  the 
soil  again,  and  now  finds  in  it  no  marked  deficiency 
of  phosphate  or  carbonate  of  lime,  or  other  sup- 
posed requisite  inorganic  ingredient,  he  will,  I 
conceive,  be  warranted  in  suggesting  the  sparing 
the  expensive  manures,  the  guano  and  the  bone- 
dust,  and  using  only  manure,  chiefly  vegetable, 
made  on  the  estate. 

Such,  I fancy,  is  the  line  of  inquiry,  as  regards 
particular  manures,  that  is  likely  to  be  most  use- 
ful, and  the  more  useful,  I cannot  but  think  it 
will  be,  the  more  minutely,  and  carefully,  and  ju- 
diciously it  is  carried  out  — testing  theoretical 
suggestions  founded  on  chemical  analysis  by  the 
results  of  practical  experience  — that  is,  by  well 
conducted  trials  — and  extending  them  from  point 
to  point,  till  satisfactory  knowledge  is  arrived  at ; 
so  that,  being  acquainted  with  the  quality  of  the 
soil,  the  quality  and  quantity  of  the  manure  ap- 
plied, the  mode  of  tillage  employed,  the  planter 
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may  be  able  to  calculate,  communibus  annis,  what 
will  be  the  quantity  and  quality  of  sugar,  what 
the  quantity  and  quality  of  the  molasses,  and 
what  the  quantity  of  rum  that  should  be  made 
on  his  estate. 

The  subject  of  manures  is  far  too  large  a one 
for  a single  discourse ; many  parts  of  it  I have 
treated  of  very  slightly ; some,  I am  sure,  very 
imperfectly,  and  perhaps  obscurely : your  know- 
ledge and  intelligence  will  supply  many  deficien- 
cies, and  I am  confident  I may  equally  rely  on 
your  kindness  for  exercising  them,  recollecting 
(be  pleased  to  do  so)  that  my  main  object  has  not 
been  so  much  to  impart  minute  information,  as  to 
inculcate  some  general  principles,  and  to  endea- 
vour to  excite  inquiry, — that  methodical  and  scien- 
tific inquiry  which  leads  to  exact  knowledge,  and, 
when  diligently  carried  out,  to  the  perfecting  of 
every  art  to  which  it  is  applied. 
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DISCOURSE  IV. 

ON  DRAINAGE  AND  IRRIGATION,  THEIR  THEORY  AND 

1 EFFECTS. 

Gentlemen,  — On  this  occasion  I shall,  with 
your  permission,  bring  under  your  notice  the  im- 
portant and  nearly  allied  subjects  of  Draining 
and  Irrigation  ; important,  as  conducive  greatly 
to  fertility ; and  nearly  allied,  the  mean  element 
in  both  being  water,  without  which,  soils  of  the 
very  best  quality,  you  know,  are  barren. 

Limited  as  we  are  for  time,  were  there  not 
other  reasons  for  it,  I must,  in  the  short  discourse, 
which  I have  now  the  honour  to  address  to  you, 
restrict  myself  in  a great  measure  to  principles, 
and  avoid  the  details  of  the  operations,  whether 
of  Draining  or  Irrigation.  Should  I be  so  for- 
tunate  as  to  enunciate  clearly  the  former,  and  to 
convince  any  individual  present,  doubtful  of  the 
efficacy  of  these  processes,  that  draining,  or 
thorough-drained  land,  is  essential  to  agriculture — 
if  it  be  the  intent,  as  it  should  be  the  interest,  of 
the  agriculturist,  to  conduct  it  in  the  most  im- 
proved manner;  and  that  Irrigation,  wherever 
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practicable,  most  amply  repays  by  imparting  a won- 
derfully increased  fertility ; should  I be  able  to 
accomplish  thus  much,  I shall  not  regret  passing 
over  the  minutiai  of  details,  which  are  best  studied 
and  learnt  in  systematic  works  on  the  subject, 
that  is,  if  practical  means  of  instruction  are  not 
available,  which  are  the  best  of  all. 

The  kind  of  drainino;  to  which  I have  to  call 
your  attention  is  not  the  common  surface  draining, 
but  the  new  and  far  more  advantageous  method 
of  deep  and  thorough  draining,  a method  by  which 
the  excess  of  rain  is  conveyed  from  the  surface  of 
the  land  into  its  substance,  and  even  to  the  sub- 
soil and  beneath  it ; to  be  retained  in  moderate 
quantity  favourable  to  tillage,  favourable  to  vege- 
tation, favourable  to  the  disintegration  and  decom- 
position of  the  coarse  parts  of  the  soil  and  of  the 
subsoil,  and  consequently  to  the  improvement  of 
the  quality  of  the  soil,  and  to  the  formation  of 
new  soil  fit  for  tillage. 

These  effects,  so  admirable,  can  only  be  eluci- 
dated and  brought  clearly  to  the  understanding  by 
considering  the  principles  of  the  operation ; or,  in 
other  words,  the  qualities  of  the  different  sub- 
stances concerned,  as  of  the  soil  and  subsoil  and 
their  elements,  in  conjunction  with  rain  and  at- 
mospheric air,  and  their  agencies. 

A soil  fit  for  cultivation  is  never  formed  of  any 
single  earth ; it  is  more  or  less  compounded,  and 
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the  greater  in  degree,  generally,  the  better  is  its 
quality.  In  all  good  soils  there  is  a certain  pro- 
portion of  clay,  and  commonly  of  sand,  either  sili- 
ceous or  calcareous,  or  a mixture  of  the  two. 
What  is  designated  clay  always  consists  of  many 
ingredients,  of  which  alumine  and  silica  are  the 
principal.  In  three  specimens  from  fertile  soils  in 
Flanders,  carefully  analysed,  besides  alumine  and 
silica,  there  were  found  present  eighteen  other 
substances,  the  most  important  of  which  were  lime 
and  magnesia,  the  alkalies,  including  ammonia, 
certain  acids,  as  the  phosphoric,  sulphuric,  and 
carbonic,  and  two  or  three  kinds  of  vegetable 
matter. 

The  peculiar  quality  of  clay  is,  that  it  is  reten- 
tive of  moisture ; and  of  the  most  complete  clay  in 
its  condensed  state,  using  the  term  in  contradis- 
tinction to  a loose  state,  that  it  is  an  obstruction 
to  flowing  water, — a property  of  vast  importance  in 
the  economy  of  nature,  without  which  the  earth 
would  be  in  great  measure  destitute  of  springs, 
the  ground  arid  and  unfit  for  vegetation,  giving 
rise  to  a universal  desert-waste.  This  peculiar 
property  is  mainly  dependent  on  one  earth,  viz. 
alumine;  and  on  the  circumstance  that  when  se- 
parated, in  consequence  of  the  decomposition  of 
the  mineral  compounds  in  which  it  exists,  it  is,  as 
when  obtained  by  precipitation,  by  the  addition  of 
an  alkali  to  a salt  of  alumine  in  solution,  in  a state 
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of  extraordinarily  minute  division,  with  the  power 
of  adhesion,  particle  to  particle,  and  of  becoming 
plastic  from  compression,  — a power  this  of  not 
less  importance  in  the  economy  of  soils,  without 
which  it  is  obvious  the  surface  of  the  earth  would 
be  in  the  state  of  a moveable,  drifting  sand,  such 
as  we  find  where  the  binding  element  of  clay  is 
deficient,  as  in  the  instance  of  the  most  remarkable 
deserts.  Of  this  state  of  minute  division  you  may 
satisfy  yourself  most  easily  by  a simple  experi- 
ment, the  precipitating  of  alumine  from  a solution 
of  alum  by  ammonia,  and  examining  it  under  the 
microscope.  So  minute  are  the  particles  of  the 
precipitate,  that  even  when  using  one  of  the  high- 
est powers  of  a good  instrument,  a glass,  for  in- 
stance, with  a focal  distance  of  one  eighth  of  an 
inch,  they  are  hardly  distinguishable;  indeed,  I 
may  say,  they  are  not  distinguishable  individually, 
only  when  connected  one  with  another.  This 
state  of  minute  division  of  the  detached  alumine  is 
connected  with,  and  may  be  dependent  on,  another 
property  of  this  earth,  its  perfect  insolubility  in 
water,  and  in  water  impregnated  with  carbonic 
acid ; and  owing  to  this  insolubility  its  inaptitude, 
when  so  detached,  to  form  crystals. 

To  appreciate  these  peculiarities  of  alumine,  let 
us  consider  for  a moment  the  qualities  of  the  other 
earths,  which  are  the  other  chief  ingredients  of 
soils,  viz.  silica,  lime,  and  magnesia. 
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Silica  occurs  in  soils  chiefly  in  the  form  of 
quartzose  sand,  derived  from  the  disintegration  of 
certain  compound  crystalline  rocks,  especially  gra- 
nite, of  which  rock  it  is  an  ingredient.  It  also 
occurs  in  smaller  proportion,  in  a very  finely  di- 
vided state,  when  derived,  it  may  be  inferred,  like 
alumine,  from  the  decomposition  of  certain  mine- 
rals containing  it,  such  as  felspar.  In  this  state  it 
is  soluble  either  by  means  of  carbonated  alkali  or 
carbonic  acid  alone,  as  I believe,  or  water  alone, 
according  to  a distinguished  Swedish  chemist. 
Owing  to  this  quality  it  is  capable  of  entering  into 
the  composition  of  vegetable  textures.  When 
deposited  from  its  solution,  it  is  not  in  the  manner 
of  alumine,  but  either  in  minute  adhering  crystals, 
or  uncrystallised  in  the  form  of  a compact  hard 
stony  crust. 

Lime  exists  in  the  soil  most  generally  in  the 
state  of  carbonate  of  lime ; even  if  introduced  in 
the  caustic  state,  owing  to  its  strong  affinity  for 
carbonic  acid,  it  rapidly  absorbs  this  gas  from  the 
atmosphere.  The  carbonate  has  a strong  tendency 
to  crystallise ; it  undergoes  crystallisation  in  the 
act  of  its  formation,  when  the  lime  is  absorbing 
carbonic  acid.  If  you  precipitate  lime  from  a so- 
lution of  one  of  its  salts  in  water  by  an  alkaline 
carbonate,  the  carbonate  of  lime  thus  obtained 
will  be  in  minute  crystalline  grains,  minute  ac- 
cording to  our  ordinary  ideas  of  bulk,  but  coarse 
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indeed,  if  compared  under  the  microscope  with  the 
precipitate  of  alumine.  Nor  has  it  the  property 
of  alumine,  as  you  may  satisfy  yourselves  by  a 
very  easy  experiment,  of  retaining  water  or  pre- 
venting its  flow. 

Magnesia,  like  lime,  having  a considerable  affi- 
nity for  carbonic  acid,  commonly  exists  in  the  soil 
in  the  state  of  carbonate.  But  it  has  not  the  same 
disposition  to  crystallise,  and  in  consequence,  per- 
haps, its  particles  are  finer ; at  least,  this  may  be 
inferred  from  the  examination  of  the  carbonate, 
artificially  obtained  by  precipitation  by  a carbo- 
nated alkali,  added  to  the  solution  of  a magnesian 
salt.  These,  though  finer  than  those  of  car- 
bonate of  lime  procured  in  the  same  manner,  are 
visible  individually  under  the  microscope,  and  are 
therefore  very  much  larger  than  those  of  alumine. 
And  tested  by  water,  the  carbonate  of  magnesia  is 
found  to  retard,  not  entirely  prevent,  its  flow  and 
transmission. 

The  relative  minuteness  of  the  particles  of  these 
three  earths  is  well  shown  by  the  time  required 
by  each  to  subside  after  suspension  in  water  by 
agitation.  It  will  be  found  that  the  carbonate  of 
lime  will  descend  and  find  its  place  of  rest  rapidly ; 
the  carbonate  of  magnesia  in  slower  time ; and  the 
alumine  by  far  the  slowest.  And  hence  the  wide 
diffusion  of  this  last  mentioned  earth,  a happy 
circumstance  in  the  economy  of  nature.  Washed 
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out  of  the  naked,  disintegrating  rocks  by  rain, 
with  mineral  particles  of  other  kinds,  not  so  mi- 
nute but  hardly  less  diffusible,  they  are  carried  by 
rivers  into  seas,  and  by  tides  and  currents  trans- 
ported even  into  the  ocean;  there  they  subside 
and  form  beds,  destined,  it  may  be,  to  become  fer- 
tile soils  on  islands,  or  even  continents,  should  the 
rocky  foundations  on  which  they  rest  be  elevated 
into  the  atmosphere,  as  this  island  has  been,  and 
so  many  others,  covered  with  beds  of  clay  and 
soil,  which  we  are  sure  from  their  nature  are  of 
distant  origin. 

Another  peculiarity  of  alumine  requires  notice, 
in  connection  with  thorough  draining,  to  wit,  its 
power  of  contracting  in  drying.  No  earth  absorbs 
so  much  water,  whether  chemically  or  hygrosco- 
pically ; no  one  retains  it  so  powerfully,  or  con- 
tracts so  much  in  losing  it.  There  are  before  you 
precipitates,  dried,  of  alumine,  of  carbonate  of 
lime,  and  of  carbonate  of  magnesia.  How  great 
is  the  difference  in  their  appearance ! That  of  the 
alumine  is  fissured  in  every  direction ; that  of  the 
carbonate  of  magnesia  exhibits  only  a very  few 
fissures  ; whilst  the  carbonate  of  lime  has  a smooth 
unbroken  surface,  indicating  no  contraction. 

The  two  peculiar  properties  of  alumine  adverted 
to,  and  which  are  also  properties  of  clays,  chiefly 
depending  on  the  presence  of  alumine,  viz.  being 
impermeable  to  water  when  expanded  by  it,  that 


234  ON  DRAINAGE  AND  IRRIGATION, 


is,  when  containing  a certain  quantity  without  a 
free  outlet  such  as  a drain  affords;  and  being 
liable  to  contract  and  become  fissured,  and  so  per- 
meable, on  losing  water,  such  as  is  drawn  off  by  a 
drain:  these  two  properties  may  be  considered 
fundamental  ones  in  connection  with  thorough 
draining,  — the  first  giving  rise  to  the  necessity  for 
the  operation,  the  second  rendering  it  practicable. 
In  the  first  instance,  it  must  be  supposed,  or  taken 
for  granted,  that  the  clay  is  not  so  compact  or 
condensed  by  pressure  as  to  allow  no  passage 
to  water,  even  with  a free  outlet,  which  is  a qua- 
lity, as  already  remarked,  of  the  purest  clays. 

F or  this  (the  deep  and  thorough  mode  of  drain- 
ing) to  be  most  efficient,  it  should  be  followed  by 
subsoil  ploughing,  which  breaks  up  the  clay  to  a 
certain  depth,  and  renders  it  more  pervious  to 
water  and  the  access  of  air,  without  bringing  any 
of  the  subsoil  to  the  surface.  The  effect  of  subsoil 
ploughing,  it  may  be  remarked,  is  well  illustrated, 
by  taking  a piece  of  stiff  clay  and  breaking  it  up, 
when  it  will  be  found  to  be  readily  permeable  by 
water;  and  again,  when  the  water  has  drained 
from  it,  compressing  it  as  a plastic  mass,  when  it 
will  recover  more  or  less  its  impermeability,  ac- 
cording to  its  quality — that  is,  the  proportion  of 
finely  divided  aluminous  matter  it  contains,  and 
the  proportion  of  sand. 

As  it  appears  that,  in  some  instances,  this  pro- 
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cess  of  subsoil  ploughing  has  been  of  little  advan- 
tage, not  repaying  the  cost,  it  may  be  prudent  to 
try  the  effect  of  it  on  a small  portion  of  the  drained 
land,  and  to  be  guided  by  the  result  as  to  its  ex- 
tension ; for  example,  the  quality  and  quantity  of 
produce  on  the  portion  subsoiled,  compared  with 
the  quality  and  quantity  of  the  crop  on  an  equal 
portion  merely  drained. 

Allow  me  now  to  turn  your  attention  to  the 
atmospheric  air  and  to  the  rain  water,  for  the  ad- 
mission and  penetrating  of  which  into  the  soil, 
without  stagnation  of  the  latter,  thorough  draining, 
as  regards  its  function,  may  be  considered  in  the 
first  place  as  instituted. 


Atmospheric  air,  we  know,  is  composed  of  oxy- 


stantly  the  same  proportion,  viz.  twenty-one  parts 
in  volume  of  oxygen,  seventy-nine  of  azote,  and 


about  the  one  half  of  a thousandth  part  of  carbonic 
acid,  with  a very  variable  proportion  of  water  dif- 
fused through  it  in  the  elastic  state  in  the  form 
of  vapour,  and  when  in  the  vesicular  state,  or  in 
that  of  minute  particles,  in  the  form  of  clouds ; 
and  also  an  extremely  small  portion,  there  is  rea- 
son to  believe,  of  carbonate  of  ammonia,  and  of 
some  other  matters,  chiefly  saline,  either  held  in 
solution  in  it  or  in  suspension. 

Rain,  it  is  to  be  remembered,  is  never  absolutely 
pure  water ; it  is  variously  impregnated,  and  this 
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in  consequence  of  two  offices  which  it  seems  to 
have  to  perform  (not  to  mention  others) ; namely, 
the  purifying  of  the  atmosphere  and  the  fertilising 
of  the  earth.  Carbonic  acid,  oxygen,  and  azote 
are  always  contained  in  it,  and  the  former  in  con- 
siderably larger  proportion  than  in  the  atmosphere, 
oxygen  being  more  soluble  in  water  than  azote. 
And  besides  these,  there  are  other  matters,  such 
as  carbonate  of  ammonia,  and  various  substances 
which,  exercising  its  purifying  function,  it  brings 
down  with  it  from  the  atmosphere,  in  which  they 
were  suspended  or  dissolved. 

The  rain  entering  the  soil  thus  impregnated, 
not  only  immediately  promotes  active  vegetation, 
but  also  has  an  ameliorating  effect  on  the  soil  and 
the  subsoil,  fitting  it  for  the  purposes  of  vegeta- 
tion. The  water,  impregnated  with  oxygen,  pro- 
motes the  decomposition  of  animal  and  vegetable 
matter,  thus  forming  food  for  plants ; and  acting 
on  compound  minerals  in  the  soil  and  subsoil,  it 
produces  the  separation  of  their  elements,  and 
thus  forms  new  mould.  Thorough  draining,  by 
preventing  the  stagnation  of  water  and  promoting 
its  descent,  administers  in  a remarkable  manner  to 
these  ameliorating  effects ; and  preserving  the 
soil  and  subsoil  in  a porous  condition,  it  adminis- 
ters also  to  another  effect,  not  insignificant  in  the 
economy  of  vegetation  — namely,  the  formation  of 
ammonia  by  the  union  of  the  azote  of  the  atmo- 
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spheric  air  penetrating  into  the  earth  with  hydro- 
gen, as  it  is  disengaged  from  decomposing  animal 
and  vegetable  matter ; thus  supplying  an  alkali, 
which  appears  to  be  the  most  active  portion  of 
many  valuable  manures,  and  is  probably  essential 
to  the  production,  in  plants,  of  all  those  albuminous 
substances,  which  are  of  the  nature  of  animal 
matter,  from  which  even  animals  themselves,  those 
feeding  on  vegetables,  are  supposed  to  be  formed, 
the  vegetable  being  the  generator  and  the  animal 

Jonly  the  recipient. 

There  are  other  good  and  important  effects  re- 
sulting from  thorough  draining,  which  I have 
scarcely  time  to  mention,  as  its  tending  to  coun- 
teract the  evils  of  drought,  as  well  as  of  excessive 
moisture,  thereby  favouring  vegetation,  and  at  the 
same  time  benefiting  the  climate,  as  it  conduces 
equally  to  prevent  either  extreme — a parched  state 
of  the  atmosphere,  or  excessive  humidity  and  fog ; 
and  as  it  tends  also  to  promote  an  equable  tem- 
perature of  atmosphere.  In  brief,  it  is  difficult,  I 
believe,  to  appreciate  too  highly  the  advantages  of 
thorough  draining  to  land  that  requires  it.  Mr. 
Smith,  of  Deanstone,  who  may  be  considered  as 
the  inventor  of  the  process,  has  well  said,  that  it 
requires  faith  to  admit  all  the  good  it  is  capable 
of  accomplishing,  that  good  is  so  much  beyond 
what  the  inexperienced  in  its  efficacy  would  ex- 
pect. 
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I consider  it,  I may  remark,  a circumstance  of 
good  fortune  to  have  witnessed  the  results  of  the 
first  trial  made  of  it  at  Deanstone  by  this  gentle- 
man, and  also  the  first  attempt,  I believe,  of  the 
kind  made  within  the  tropics  — viz.  in  this  island 
by  your  talented  countryman,  Dr.  Phillips,  on  his 
estate  of  Lambert,  and  in  Demerara  by  Dr.  Shier, 
the  able  agricultural  chemist  of  that  colony,  on  an 
estate  in  the  neighbourhood  of  George  Town.  At 
Deanstone,  when  I was  there  six  years  ago,  the 
condition  of  the  land  and  of  the  pastures  was  such 
as  to  excite  admiration.  Though  the  season  was 
unusually  dry,  and  fields  adjoining  the  property  ; 
were  parched,  in  which  rushes  were  growing,  the 
Deanstone  meadows,  similarly  situated,  were  beau- 
tifully green,  and  in  them  not  a rush  was  to  be 
seen  or  a weed.  The  harvest  was  over,  but  the 
farm-yard,  in  the  numerous  ricks  of  corn,  bore 
ample  proof  of  the  great  fertility  of  the  arable 
land.  The  increased  value  of  the  estate,  the  re- 
sult of  its  improvement  from  thorough  draining  j ( 
and  good  farming,  I am  afraid  to  mention,  lest  I j 
should  lay  myself  open  to  the  charge  of  exaggera-  | t 
tion.  Mr.  Smith,  who  was  my  conductor  and  \ 
informant  on  the  occasion,  had  a hole  dug  S] 

through  the  soil  and  subsoil  to  show  the  deepening  j] 

of  the  soil  from  the  decomposition  and  disintegra- 
tion of  the  subjacent  stony  matter  from  the  action 
on  it  of  air  and  moisture.  In  Demerara,  the  result  g 
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of  Dr.  Shier’s  experiment,  making  allowance  for 
the  shortness  of  time,  appears  to  be  no  less  satisfac- 
tory. When  I saw  the  field,  in  the  latter  end  of 
May  last  (1847),  after  a heavy  fall  of  rain,  water  was 
flowing  abundantly  from  the  mouths  of  the  drains, 
whilst  the  surface  soil  was  merely  moist,  and  in  a 
fit  state  for  tillage ; and  having  no  open  drains, 
such  as  are  generally  used  in  the  colony,  it  was  in 
a condition  to  admit  of  the  plough  and  harrow, 
and  the  use  of  any  other  implement  of  husbandry 
likely  to  economise  labour.  In  a letter  with 
which  I have  been  favoured  by  Dr.  Shier,  of 
the  3d  of  November,  he  makes  mention  of  the 
thorough  drained  field  as  in  a very  prosperous 
state.  Canes  grown  in  it,  cut  when  only  six 
months  old,  gave  a juice  of  the  specific  gravity 
1,070 ; and  an  imperial  gallon  of  this  juice  yielded 
1 lb.  2 oz.  of  beautiful  muscovado  sugar,  the  mo- 
lasses from  which  contained  only  about  one  third 
as  much  salt  as  molasses  from  other  fields  of  the 
estate  with  open  drains.  For  the  success  of  the 
experiment  at  Lambert’s,  in  this  island,  we  have 
the  authority  of  the  Leeward  Agricultural  Society. 
In  their  report,  dated  the  2d  of  last  May,  it  is 
stated  that  a field  of  two  acres  and  a half,  which 
in  wet  seasons  had  always  failed,  drained  in  April 
1846,  did  not  suffer  at  any  period  of  the  late  wet 
season ; “ whilst  the  field  adjoining,  although  of 
somewhat  greater  elevation,  suffered  materially 
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from  the  effects  of  water,  making  on  an  average 
one  hogshead  less  per  acre  than  the  drained  field, 
although  manure  had  been  applied  to  the  former, 
and  not  to  the  latter.”  And  I have  had  confirma- 
tion of  these  favourable  results,  and  I am  glad  to 
say,  on  an  extended  scale,  from  the  resident  ma- 
nager on  the  estate,  Mr.  Phillips.  In  a note  with 
which  he  has  obliged  me,  of  the  1st  of  this  month, 
he  states  that  eight  acres  of  land  are  now  drained 
and  planted,  land  similarly  situated  to  that  just 
mentioned,  as,  before  draining,  liable  to  suffer 
from  heavy  rain,  the  bad  effect  of  which  it  has 
entirely  escaped  this  year ; and  that  the  canes  on 
it  are  very  superior  to  any  on  the  estate.  He  ; 
adds  that  there  are  now  altogether  fifteen  acres  ’ 
drained,  and  that  he  hopes  to  complete  twenty 
acres  before  the  end  of  the  year.  He  specially 
notices  as  worthy  of  remark,  that  during  the  severe 
drought  some  months  ago,  the  canes  on  the  drained 
land  suffered  least,  and  yet  that  the  soil  of  this 
land,  compared  with  any  other,  always  appeared 
drier  and  more  friable.  All  results,  let  me  ob- 
serve, in  accordance  with  the  principle  of  thorough 
draining,  and  the  general  experience  we  have  of 
its  effects. 

I must  not  conclude  the  subject  of  draining, 
without  briefly  adverting  to  the  qualities  of  the 
soil  which  may  be  considered  as  requiring,  and  to 
the  contrary  ones  not  needing  it.  If  the  soil  be 
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sandy  or  abounding  in  marl,  with  a sandy  or 
marly  subsoil,  it  will  be  sufficiently  porous  to 
water;  water  will  not  collect  and  stagnate  on  it, 
except,  indeed,  its  situation  be  low  and  almost  on 
a level  with  the  sea  high-water  mark.  Moreover, 
if  the  soil  be  shallow,  only  three  or  four  feet  deep, 
resting  on  porous  rock,  such  as  the  shell  and  coral 
limestone  of  Barbados  commonly  is,  thorough 
draining  would  be  superfluous,  could  it  be  effected. 

Occasionally,  however,  and  not  unfrequently, 
this  rock  is  covered  with  an  adventitious  incrusta- 
tion of  carbonate  of  lime,  impervious  equally  to 
rainwater  and  the  roots  of  plants.  To  give  fertility 
to  land  so  situated,  this  crust  should  be  broken 
through,  as  I believe  it  sometimes  is,  preparatory 
to  the  planting  of  canes.  In  Malta,  I may  re- 
mark incidentally,  where  a like  crust  forms  on 
the  soft  porous  freestone  on  which  the  scanty  soil 
of  that  island  rests,  from  time  to  time  the  indus- 
trious natives  bare  the  rock  of  its  soil  and  make 
grooves  in  it,  penetrating  through  the  hard  in- 
crustation, so  as  to  admit  the  passage  of  rain 
water  into  the  rock,  and  its  exhalation  to  the  soil 
during  the  dry  season. 

The  qualities  of  soil  likely  to  be  benefited  by 
thorough  draining  are  the  stiff  clay  soils,  or  the 
lighter  and  more  porous  soils,  with  a substratum 
of  such  clays  on  which,  after  heavy  rain,  water 
rests  in  a state  of  stagnation. 
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Should  it,  as  regards  any  soil,  be  a doubtful 
question  whether  it  requires  or  not  the  pro- 
cess of  thorough  draining,  a simple  experiment 
may  be  made  which  may  help  to  remove  the 
doubt : it  is  by  taking  a portion  of  the  soil,  and 
subjecting  it  to  the  action  of  water  in  a tube,  or  a 
piece  of  bamboo  covered  at  its  lower  end  by  linen, 
which  will  support  the  soil,  and  allow  water  to 
pass.  If  the  soil,  when  compressed,  acts  in  the 
manner  of  stiff  clay,  and  does  not  allow  the  water 
to  drop  — to  flow  through  it,  it  is  a criterion  of 
the  propriety  of  draining,  and  the  contrary  if  it 
permit  the  passage  of  water.  Trials  of  this  kind, 

I apprehend,  may  be  advantageously  made  to  test 
the  properties  of  soils  as  to  their  retentive  powers,  \ 
which  are  graduated  in  a great  measure  by  the 
proportion  of  alumine  present  and  the  proportion 
of  the  other  earths  in  a finely  divided  state,  any 
earth,  if  finely  divided,  tending  to  have  the  same 
effect  as  alumine  in  retarding  or  preventing  the 
descent  of  water.  The  results  of  such  trials, 
moreover,  may  indicate  whether  clay  should  be 
added  to  the  soil  to  increase,  or  sand  or  lime  to 
diminish,  its  power  of  retaining  water. 

I have  spoken  of  Dr.  Shier’s  experiment  on 
thorough  draining ; let  me  add,  what  I should 
have  done  before,  that  you  will  find  the  particu- 
lars of  it  clearly  detailed  in  his  published  report 
on  thorough  draining  — a report  most  highly  ere- 
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ditable  to  him  as  a scientific  agricultural  chemist, 
and  as  a scientific  inquirer,  and  which,  for  the 
valuable  and  new  information  it  contains  on  the 
subject  of  which  it  treats,  is  particularly  deserving 
the  attention  of  all  tropical  agriculturists  who 
wish  to  enter  into  the  minute  details  of  the  ope- 
ration. It  affords  a happy  example  of  science 
and  practice  combined. 

I remarked,  in  commencing  this  discourse,  that 
irrigation  and  thorough  draining  are  allied : they 
are  so,  not  only  inasmuch  as  water  is  mainly  con- 
cerned in  both,  but  also  as  to  the  manner  in  which 
it  is  concerned.  Thorough  draining  may  be 
viewed  as  a slow  and  deep  irrigation,  the  water 
descending  from  the  surface  to  the  drains  or 
channels  conveying  away  what  is  superfluous, 
whilst  irrigation  is  the  conducting  of  wTater  over 

O O 


the  surface  of  land  in  constant  slow  flow,  so  as  to 
afford  nourishment  to  the  growing  crop,  which  all 
experience  proves  it  to  do  with  wonderful  effect. 
At  the  same  time,  it  is  to  be  kept  in  mind  that 
the  slowly  flowing  water  does  notact  merely  super- 
ficially, but  that  it  penetrates  deeply,  and  not  only 
promotes  vegetation,  but  likewise,  when  properly 
managed,  has  a tendency  to  enrich  the  soil,  either 
by  what  it  deposits,  or  by  its  action,  through  the 
oxygen  which  it  contains,  occasioning  the  decom- 
position of  mineral  compounds  in  the  soil  and 
subsoil,  and  the  setting  free  of  inorganic  sub- 
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stances,  those  required  for  the  purposes  of  vege- 
tation, such  as  the  fixed  alkalies,  lime  and  mag- 
nesia, and  certain  acids,  especially  the  phosphoric, 
which  plants,  in  the  act  of  growing,  are  constantly 
abstracting  from  the  soil,  by  — if  uncompensated — 
an  exhausting  process.  The  penetrating  water, 
impregnated  with  oxygen,  is  also  beneficial  in 
converting  an  injurious  compound  of  iron,  when 
present,  the  protoxide,  into  the  inert  and  harmless 
peroxide,  and  likewise,  and  in  a great  degree,  by 
favouring  the  decomposition  of  animal  and  vege- 
table matter,  and  the  production  of  carbonic  acid 
and  ammonia.  For  these  latter  effects  to  be  fully 
produced,  the  land  should  have  the  advantage  of 
thorough  draining. 

Water  of  various  qualities  is  employed  in  irri- 
gation, and,  as  might  be  anticipated,  with  an  effect 
varying  with  the  quality,  that  depending  on  the 
substances  suspended  or  dissolved  in  the  water. 
The  purer  the  water,  the  less  it  will  differ  in  its 
effect  from  rain.  The  more  of  decomposing  animal 
and  vegetable  matter  it  contains,  the  more  the 
effect  will  be  like  that  of  rich  manure,  frequently 
applied,  under  the  most  favourable  circumstances 
of  season  as  to  rain.  The  more  of  earthy  matter 
it  holds  in  suspension  in  a finely  divided  state, 
a state  indeed  necessary  to  suspension,  the  more 
its  influence  will  resemble  that  of  a well-watered 
virgin  soil. 
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According  to  the  kind  of  crop,  water  of  irri- 
gation, of  one  or  the  other  of  these  qualities, 
appears  to  be  preferable.  The  rice  lands  of  the 
mountainous  parts  of  Ceylon  yield,  year  after 
year,  excellent  produce,  irrigated  by  water  differ- 
ing but  little  from  rain  water.  The  vineyards  of 
Zante  and  Cephalonia,  the  fruit  of  which  is  the 
currant  grape,  bear  abundantly  after  a winter 
irrigation,  the  water  used  descending  from  the 
hills  discoloured  by  clay,  an  argillaceous,  calca- 
reous marl,  much  resembling  that  deposited  by 
the  Nile  — that  vast  irrigator  and  fertiliser  of  the 
ever  productive  valley  of  Egypt.  The  meadows 
in  the  neighbourhood  of  Edinburgh,  irrigated  by 
the  strongly  impregnated  sewer  water  of  that  city, 
are  well  known  for  the  enormous  and  repeated 
crops  of  grass  they  yield  in  the  course  of  the  year, 
almost  without  intermission. 

The  mode  in  which  irrigation  is  performed  is 
also  various,  depending  very  much  on  the  scale. 
If  for  garden  and  limited  field  cultivation,  in  many 
countries  the  water  used  is  raised  from  wells  or 
cisterns  by  the  Persian  wheel,  or  by  the  lever  and 
bucket,  and  distributed  by  little  canals  or  gutters. 
If  for  extensive  cultivation,  streams  are  conducted 
from  lakes  or  rivers,  and  their  water  admitted  into 
prepared  fields  and  diffused  over  them.  There 
are  works  for  this  purpose  in  India  — tanks  and 
aqueducts  of  immense  magnitude,  miles  in  cir- 
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cumference  and  length,  which  excite  the  wonder 
of  the  passing  traveller,  and  are,  in  the  labour 
expended  on  them,  little  inferior  to  the  pyramids 
of  Egypt,  themselves,  it  has  been  imagined, 
erected  for  hydraulic  purposes.  For  every  species 
of  irrigation,  I need  hardly  mention  that  there  is 
one  circumstance  in  common,  which  is,  the  making 
of  the  surface  of  the  soil  so  gently  inclined  and 
regular  as  to  admit  the  flow  of  water  over  or 
through  it,  uninterruptedly,  with  means  of  ex- 
cluding the  water  when  necessary. 

Having  stated  thus  much  generally  as  to  irri- 
gation, I shall  venture  to  make  a few  remarks  on 
it  in  connection  with  the  cultivation  of  the  sugar 
cane,  and  the  practicability  of  applying  it  far  more 
generally  than  has  hitherto  been  done  to  this,  the 
staple  crop  of  these  colonies. 

That  irrigation  is  favourable  to  this  crop,  is,  I 
believe,  so  well  proved,  that  no  doubt  can  be  enter- 
tained respecting  it.  In  this  island,  I understand,  on 
one  estate  in  St.  Philip’s,  where  the  trial  has  been 
made,  the  success  has  been  great,  and  that  in  periods 
of  drought  when,  without  irrigation,  the  canes  would 
hardly  have  been  worth  the  reaping.  In  Berbice, 
there  are  one  or  two  estates  that  I heard  of  when 
there,  which  had  always  been  productive,  yield- 
ing, even  in  the  dryest  seasons,  and  always  with- 
out the  application  of  manure,  not  less  than  three 
hogsheads  an  acre,  these  estates  having  a command 


THEIR  THEORY  AND  EFFECTS. 


247 


of  water  brought  to  them  by  an  inland  never- 
failing  stream,  derived  by  a canal  from  one  of  the 
large  rivers  of  that  country. 

This  partial  success  considered,  and  the  nature 
of  the  cane,  it  being  almost  an  aquatic  plant,  is  it 
not  deserving;  of  thought  whether  irrigation  cannot 
be  more  generally  applied,  and  whether  all  possi- 
ble means,  consistent  with  just  economy,  should 
not  be  taken  to  effect  it,  and  even  at  intervals, 
and  occasionally,  if  means  permitting  it  only  at 
intervals,  be  available? 

In  some  parts  of  Barbados,  especially  in  the 
parishes  of  St.  Joseph  and  St.  Andrew,  and  in 
that  portion  of  St.  John’s  below  “the  Cliff,”  there 
are  running  streams,  some  of  them  perennial,  in  a 
great  measure  running  to  waste,  which  I have  no 
doubt  might  be  turned  to  the  purposes  of  irri- 
gation with  excellent  effect,  especially  if  connected 
with  terrace  cultivation,  which,  in  certain  of  the 
hill  sides  in  these  parishes,  where  rock  is  in  plenty, 
capable  of  affording  stone  for  terrace  walls  of 
support,  might  be  effected  with  no  great  labour, 
and  probably  at  a small  expense.  Such  terraces 
are  likely  to  have  the  double  advantage  of  facili- 
tating irrigation,  and  of  preventing  the  soil  from 

(being  washed  away  by  heavy  rains.  Not  only  in 
the  parishes  named,  but  in  most  parts  of  the 
island,  I imagine,  partial  irrigation  might  be 
accomplished  by  forming  channels  in  the  cane 
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fields  to  receive,  after  any  considerable  fall  of 
rain,  the  running  water,  in  small  streams,  with 
such  a declivity  as  to  allow  of  their  flowing  slowly, 
remembering  always  that  it  is  running  water  that 
promotes  vegetation,  and  stagnant  water  only  that 
injures  it.  Such  small  channels,  after  heavy 
rains,  might  also  prove  useful  in  preventing  that 
accumulation  of  water  which  occasions  a destruc- 
tive flood,  that  designated  here,  from  its  effects, 
“a  wash.” 

Were  thorough  draining  introduced,  the  water 
in  excess  from  a higher  level,  discharged  by  the 
drains,  might  be  made  applicable  to  partial  irri- 
gation in  fields  of  a lower  level.  Such  water,  no 
doubt,  would  have  a fertilising  effect ; and,  per- 
haps, even  more  than  ordinary  rain  water,  as  it 
would  contain  certain  saline  substances  and  other 
compounds  which  are  soluble,  derived  from  the 
soil,  and  it  may  be  from  the  manure  in  the  soil, 
whilst  the  water  is  in  the  act  of  passing  through 
it,  and  thus  partaking  of  the  quality  of  spring 
water,  which  is  always  more  or  less  impregnated 
with  foreign  matter  from  a like  cause,  spring 
water  being  rain  water  that  has  passed  through 
the  natural  filters  of  the  earth’s  surface.  Could 
this  water  be  so  applied  to  irrigation,  it  would 
remove  an  objection  which  may  be  started  on  the 
score  of  economy,  against  thorough  draining  — 
an  objection,  however,  I believe  of  no  great 
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weight,  if  we  place,  as  we  should,  against  the 
loss  by  percolation,  the  gain  by  active  vegetation, 
kept  vigorously  so  by  moisture  ; and  the  gain  to 
the  soil,  through  the  influence  of  thorough  drain- 
ing of  a decomposing  and  ameliorating  kind, 
thereby  adding  to,  and  deepening  and  improving 
it.  The  solvent  power,  however,  of  the  perco- 
lating water  is  well  worthy  of  being  kept  in  mind, 
and  it  may  raise  a question  of  the  propriety  of 
applying  largely  manures  to  the  soil  at  one  time, 
and  whether  it  would  not  be  better,  in  the  in- 
stances of  the  use  of  guano,  nitrate  of  soda,  and 
the  like,  to  adopt  the  method  said  to  be  followed 
by  the  Peruvians,  and  make  the  applications 
in  different  stages  of  the  crop,  using  smaller 
quantities. 

Barbados,  in  many  respects,  resembles  Malta. 
I am  speaking  of  them  now  in  their  agricultural 
relations.  In  Malta,  as  I have  already  observed, 
there  is  a thin  soil,  which  is  of  excellent  quality, 
resting  on  a porous  freestone.  That  island  has  a 
regular  dry  season,  extending  through  the  hot 
months  of  summer,  and  sometimes  longer.  Of  water 
there  is  a great  want.  To  collect  and  store  it, 
attention  is  constantly  given,  and  immense  labour 
has  been  expended.  Not  only  every  house  has  its 
tank,  quarried  in  the  rock,  but  also  the  majority 
of  the  fields  — fields  of  terrace- construction  called 
made-fields  — “ Campi  artificiali.”  When  the  rains 
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set  in,  even  the  public  roads  are  made  water  chan- 
nels, and  gutters  from  them  convey  the  water  into 
the  field-tanks,  some  of  which  are  excavated  under 
the  roads,  and  have  mouths  usually  covered  with 
large  stones,  even  in  the  roads.  When  the  dry 
season  arrives,  these  tanks  are  brought  into  use. 
Water  is  raised  from  them  by  the  lever  and 
bucket,  the  simplest  of  all  mechanical  contrivances 
for  the  purpose,  and  applied  to  the  watering  of 
certain  crops,  as  the  cotton  crop  at  a particular 
stage,  and  to  various  vegetables  and  fruit-trees. 
Could  such  reservoirs  of  water  be  introduced  into 
Barbados,  they  would  unquestionably  be  very 
useful,  especially  for  the  minor  crops  and  for 
garden  cultivation.  Of  the  happy  effects  of  water 
applied  to  the  latter,  an  instance  offers  close  to 
the  garrison  of  St.  Ann’s,  where  an  intelligent 
and  active  Italian  from  Tuscany  has  brought  a 
piece  of  land,  recently  considered  almost  worth- 
less, into  the  highest  state  of  culture  ; and  by  the 
help  of  water  from  wells  which  he  has  sunk,  and 
which,  from  their  low  situation,  are  never  dry,  he 
has  succeeded  in  growing  vegetables  for  the  table 
throughout  the  year. 

I must  now,  gentlemen,  bring  this  discourse  to 
a conclusion.  If  I have  occupied  an  undue  por- 
tion of  the  time  of  the  meeting,  I must  plead  as 
an  excuse  the  importance  of  the  subjects  treated 
of,  which,  even  had  I more  time,  I am  conscious 
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I could  not  have  done  justice  to  ; and  the  pecu- 
liarity, in  relation  to  the  agriculture  of  the  colo- 
nies, of  the  present  period,  and  the  prevailing 
impression,  in  consequence  of  this  peculiarity, 
that  your  agriculture  cannot  continue  to  flourish 
unless  all  possible  means  are  taken  to  improve  it. 
I allude  to  the  free-trade  measures  which  have 
become  popular  at  home,  and  which  have  been 
carried  out  in  part,  and  are  likely  to  be  extended 
by  her  Majesty’s  Government  — measures  which, 
if  carried  out  in  their  true  spirit,  and  liberally  and 
rightly  conducted,  will  assimilate,  I cannot  help 
thinking,  international  trade  to  the  home  trade , 
now  allowed  to  be  the  most  beneficial  and  the 
most  profitable.  Supposing,  then,  protection  to 
colonial  interests  to  be  withdrawn,  as  is  portended, 
and  no  discriminating  duties  allowed  — a form  of 
such  protection  — you  will  have  to  compete  with 
the  agriculturists  of  the  world  — not  only  with 
those  of  Hindostan  and  the  far  East,  but  what  you 
seem  to  dread  more,  with  those  of  Brazil  and  the 
Spanish  and  French  slave  colonies  of  the  West 
Indies. 

If  I may  venture  to  express  an  opinion,  and  I 
trust  I may,  as  it  is  hopeful,  I cannot  but  think, 
if  you  put  forth  your  energies,  adopting  every 
improvement  that  is  economical,  using  implements 
as  much  as  possible  to  spare  human  labour,  pay- 
ing well  for  what  is  employed  to  encourage  exer- 
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tion  and  skill,  and  making  an  effort,  which  it  is  to 
be  hoped  will  have  encouragement  from  the  Home 
Government,  to  improve  your  manufacturing  pro- 
cesses, — doing  this,  I cannot  but  think  that  you 
will  be  successful,  and  that  equally  against  the 
very  cheap  labour  of  the  East  Indies,  and  the 
slave  labour  of  the  W est ; the  one  weak  and  of 
little  efficiency,  so  that  it  is  rather  cheap  in  name 
than  in  reality,  and  perhaps  better  fitted  for  cotton 
than  for  the  sugar-cane  cultivation,  to  which 
it  appears  probable,  if  the  Navigation  Laws  be 
abrogated,  it  will  soon  be  specially  directed  ; the 
other  forced,  hardly  to  be  depended  on,  and  as 
to  cheapness  and  efficiency  even  doubtful. 

We  have  been  told  recently,  that  when  the 
admission  of  slave-grown  sugars  into  the  English 
market  was  made  known  in  Cuba,  there  were  re- 
joicings and  illuminations,  followed  by  excessive 
labour ; that  the  slaves,  during  crop  time,  in  the 
boiling-houses,  were  kept  constantly  occupied 
fifteen  hours  in  the  twenty-four ; and  how,  in  the 
fields,  they  were  kept  to  their  task  by  the  terror 
of  the  whips  of  the  drivers  — these  defended  by 
blood-hounds ; how,  in  accordance  with  this  sys- 
tem, life  is  sacrificed  there  to  work,  it  being 
thought  more  profitable  to  make  new  purchases, 
than  to  take  any  care,  entailing  expense,  of  the 
labouring  slaves,  and  this,  although  from  200  to 
500  dollars  is  the  market  price  of  a slave.  Such 
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particulars,  and  others  of  a horrid  kind,  we  have 
from  a writer,  who  has  recently  been  in  Cuba,  he 
says;  and  judging  from  the  want  of  expression  of 
feeling  by  him  in  giving  the  particulars,  not  averse 
to  slave  labour ; and  therefore,  probably,  he  has 
not  exaggerated. 

Such  a system — such  proceeding  may  glut  the 
home  market  for  a time ; but  can  it  be  profitable 
long  ? Surely  not.  A system  connected  with 
such  monstrous  vice,  we  may  be  confident,  cannot 
flourish.  I should  as  soon  expect  that  piracy 

I would  be  successful  for  a continuance,  and  become 
an  authorised  calling.  If  it  be  profitable  for  the 
moment,  depend  upon  it  it  will  meet  with  some 
great  reverse,  after  the  manner  of  piracy,  as  ex- 
emplified in  the  history  of  the  buccaniers,  and 
with  a punishment  equal  to  the  crimes  that  main- 
tain it.  Even  without  some  signal  visitation,  I 
cannot  believe  that  such  a system  can  be  long 
profitable,  when  so  high  a price  is  paid  for  slaves, 
and  the  period  of  their  labour  is  so  short,  ave- 
raging, it  is  said,  not  more  than  ten  years.  And 
that  it  is  not,  seems  to  be  denoted  by  these  very 
colonies  importing  free  labourers,  and  one  of  them, 
it  is  stated,  even  from  China.  But  whether  pro- 
fitable or  not,  whether  signally  punished  or  not, 
this  -we  are  sure  of,  that  man  has  a conscience, 
through  which,  even  in  this  life,  it  cannot  be 
doubted  that  he  is  punished  for  his  misdeeds,  and 
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rewarded  for  his  good  acts.  In  the  ancient  drama, 
the  perpetrators  of  great  crimes  were  held  up  to 
horror,  as  haunted  by  the  avenging  furies,  lashed 
by  their  whips  of  snakes  and  scorpions,  and  al- 
lowed no  rest.  These,  in  all  times,  are  the 
stings  of  conscience  when  awakened  to  a sense  of 
guilt. 

A President  of  the  United  States,  Mr.  Jeffer- 
son, who,  from  his  own  experience,  knew  well  the 
evils  of  slavery,  and  the  dangers  connected  with 
it,  alluding  to  these  has  said  : — “ Indeed,  I trem- 
ble for  my  country  when  I reflect  that  God  is 
just,  that  his  justice  cannot  sleep  for  ever ; that 
considering  numbers,  nature,  and  natural  means 
only,  a revolution  in  the  wheel  of  fortune,  an  ex- 
change of  situation,  is  among  possible  events ; 
that  it  may  become  probable  by  supernatural 
interference  ! The  Almighty  has  no  attribute 
which  can  take  side  with  us  in  such  a contest.” 

Your  success,  gentlemen,  to  which  I have  said 
I look  forward  hopefully,  if  earned  as  I expect, 
will  be  of  the  right  kind,  owing  to  your  own  ex- 
ertions, without  any  strain  on  humanity  or  vio- 
lation of  duty,  beneficial  to  your  labourers  and 
the  community  at  large,  not  likely  to  be  ephe- 
meral, or  soon  to  pass  away  ; on  the  contrary,  to 
be  stable,  and  to  increase  in  amount  with  its  en- 
durance,— an  increase  of  success  that  may  be 
held  to  be  characteristic  of  what  is  right,  of  which 
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we  have  so  many  proofs  in  history,  both  ancient 
and  modern,  and  remarkably  so,  as  regards  the 
converse,  in  the  history  of  our  own  times,  during 
the  last  half  century,  of  which  that  of  St.  Do- 
mingo alone  may  be  held  to  be  an  epitome. 

These  few  remarks  I trust  you  will  receive  with 
the  indulgence  I have  been  accustomed  to  have 
from  you.  They  may  appear  foreign  from  my 
subjects ; but  there  are  times  when  it  seems  a 
duty  to  express  individual  opinion,  and  to  raise  the 
voice  against  what  is  monstrous.  I have  faith 
that  the  sentiments  I have  now  expressed  will 
have  your  approval  and  sympathy,  and  so  received 

Sand  approved,  individual  opinion  acquires  the 
character  of  public  opinion,  and  carries  with  it  its 
weight. 

Apart  from  virtue  and  vice,  right  and  wrong,  it 
is  a problem,  merely  economically  considered,  in 
the  minds  of  many  reflecting  persons,  which  kind 
of  labour  is  most  profitable  — slave  or  free  labour. 
I trust,  gentlemen,  it  is  your  destiny  to  prove,  and 
it  will  be  a high  destiny  in  regard  to  its  probable 
consequences,  that  the  free,  the  right  labour,  is 
truly  that  which  makes,  in  the  long  run  of  time, 
the  best  return ; and  let  this  be  but  proved,  then, 
even  amongst  merely  money-making  men,  slavery 
should  fall,  being  without  even  a plausible  support. 
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DISCOURSE  V. 

ON  THE  MAKING  OF  SUGAR  AND  RUM,  THE  FORMER 
SPECIALLY  AND  GENERALLY  CONSIDERED. 

Gentlemen, — -In  addressing  you  now,  I propose 
to  call  your  attention  to  two  important  chemical 
processes,  viz.  The  Making  of  Sugar  and  Rum, — 
processes  in  which  your  interests  are  mainly 
concerned,  and  not  only  yours,  but,  I may  say, 
the  world’s  at  large  ; for  what  civilised  country 
is  there  in  which  sugar  is  not  become  almost  a 
necessary  of  life,  and  how  few  are  the  countries, 
whether  civilised  or  barbarous,  in  which  rum  is 
not  used  and  abused. 

On  this,  as  on  former  occasions  when  I have 
had  the  honour  to  address  you,  I shall  dwell  more 
on  the  principles  involved  in  the  processes,  than 
on  the  minute  details,  either  of  methods  at  present 
in  use,  or  of  others  proposed  for  adoption,  as  im- 
proved methods.  My  doing  so  is  necessary  equally 
as  regards  the  time  you  can  spare  to  me,  and  the 
kind  of  limited  knowledge  which  I possess  of  the 
subjects  to  be  brought  under  your  consideration. 

I speak  in  limine  thus  reservedly  of  my 
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knowledge,  conscious  of  the  difficulty  of  the  sub- 
jects ; the  partial  manner  in  which  my  inquiries 
respecting  them  have  been  conducted  ; and  that  the 
majority  of  my  audience  are  far  in  advance  of  me 
in  all  that  relates  to  the  ordinary  methods  of 
manufacture  ; and  that  some  of  you,  gentlemen, 
have  studied  them  with  the  helps  of  science. 

My  chief  motive  in  thus  coming  forward,  is  the 
hope  that  I may  be  able  to  communicate  some 
information ; information  on  particular  points, 
with  which  you  may  not  be  familiar ; and  to  offer 
some  suggestions  based  on  such  information,  which 
may  prove  practically  useful.  I hope  too,  that 
what  I shall  bring  under  your  notice  may  excite 
inquiry ; which,  should  I be  so  fortunate  as  to 
succeed  in  doing,  and  even  in  doing  no  more,  I 
shall  be  satisfied ; inquiry , in  my  belief,  being 
the  first  thing  necessary,  when  improvement 
is  aimed  at,  after  conviction  that  improvement 
is  wanted,  — that  the  processes  in  use  are  not 
perfect. 

It  may  be  well,  in  beginning,  to  consider  what 
are  the  contents  of  the  ripe  sugar  cane.  A fresh 
transverse  section  of  it,  a thin  slice,  is  found  to 
be  diaphanous,  very  like  a thin  slice  of  an  apple 
or  turnip,  and  homogeneous,  as  seen  by  the  naked 
eye.  Under  the  microscope  it  exhibits  a cellular 
structure,  the  cells  containing  a transparent  fluid  ; 
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there  is  no  appearance  of  crystals,  none  of  any 
opaque  matter.  If  the  thin  slice  be  dried,  the 
appearance  it  presents  is  altered ; it  is  no  longer 
homogeneous  as  seen  with  the  naked  eye  or  a 
common  magnifying  glass  ; little  dots  of  an  opaque 
whitish  matter  are  visible,  protruding,  as  I be- 
lieve, from  the  divided  longitudinal  tubes,  and 
cells  are  seen  surrounding  these  opaque  dots,  cells 
which  are  transparent,  and  in  which,  placed  in 
sunshine,  minute  glittering  crystals  are  observable, 
which,  it  may  be  inferred,  are  crystals  of  sugar, 
formed  in  consequence  of  the  evaporation  of  the 
aqueous  part  of  the  cell-juice.  These  observa- 
tions seem  to  prove  that  the  saccharine  matter  of 
the  cane  exists  in  it  in  a state  of  solution,  accord- 
ing to  the  commonly  received  opinion.  This  I 
mention  particularly,  because  a different  inference 
has  been  drawn  by  some  inquirers,  viz.  that  the  j 
saccharine  matter  is  secreted  in  the  crystalline 
state,  in  brief,  as  crystals  of  pure  sugar;  an  t 
inference  which,  it  appears  to  me,  is  neither  pro-  g 
bable,  a priori , on  theoretical  ground,  considering 
the  strong  attraction  sugar  has  for  water,  nor  in 
agreement  with  the  results  of  carefully  made  ob- 
servation. I may  remark,  it  would  be  extraordi-  * 
nary  indeed  if  crystals  of  sugar,  a substance  which  ai 
deliquesces  in  an  atmosphere  saturated  with 
water,  were  found  to  exist  in  a cellular  tissue  so 
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abounding,  so  saturated  with  aqueous  juice  as  is 
that  of  the  cane.* 

In  the  manner  in  which  the  cane  juice  is  com- 
monly obtained  by  the  pressure  of  the  mill,  it  is, 
as  you  know,  very  compounded,  both  from  what  it 
holds  in  solution  and  in  suspension.  However 
carefully  expressed,  it  is  never  transparent,  it  is 
turbid  in  a slight  degree,  and  coloured.  If  viewed 
under  the  microscope,  with  a high  power,  innu- 
merable granules  will  be  seen  floating  in  the  fluid, 
in  diameter  varying  from  ten  thousand  to  fifteen 
thousand  parts  of  an  inch.  By  filtration  through 
bibulous  paper,  with  care,  it  may  be  made  trans- 
parent, or  nearly  so  ; most  of  these  granules  are 
separated.  The  matter  of  which  they  consist, 
is,  I believe,  chiefly  of  the  nature  of  gluten. 
Like  gluten,  it  has  the  power  of  exciting  fermenta- 
tion, as  I have  ascertained  by  various  experiments 
made,  both  on  the  substance  procured  by  the  fil- 
tration of  the  freshly  expressed  juice,  and  on  some 
sent  me  by  my  friend,  Mr.  Best,  from  Blackman’s, 

* This  its  powerful  attraction  for  moisture  is  easily 
shown  by  suspending,  wrapped  in  muslin  or  thin  paper,  a 
piece  of  refined  sugar  in  a bottle  (to  be  well  corked)  in 
which  there  is  a little  water,  in  consequence  of  which  the 
air  included  becomes  saturated  with  moisture  : in  this  very 
damp  atmosphere,  the  sugar  will  be  found  rapidly  to 
deliquesce,  and  in  a day  or  two  to  fall  in  drops  into  the 
water,  and  continue  so  to  do  till  the  whole  of  the  solid  mass 
disappears. 
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found  adhering  to  the  gutter  by  which  the  juice 
was  conveyed  from  the  mill,  and  which,  after 
having  been  kept  nearly  twelve  months,  still  re- 
tained the  qualities  of  a ferment. 

It  is  a question  to  be  determined,  whether  this 
glutinous  matter  exists  suspended  in  the  juice,  as 
it  is  contained  in  the  cells,  or  is  separated  from 
the  walls  of  the  cells,  or  from  the  traversing  and 
broken  longitudinal  tubes  by  the  pressure  em- 
ployed. I am  rather  inclined  to  adopt  the  latter 
view,  and  for  this  reason,  that  if  the  cane  be 
sliced  very  finely,  using  a very  sharp  knife,  and 
water  be  poured  on  the  slices,  a saccharine  solu- 
tion may  be  procured,  as  I have  found,  that  is 
quite  transparent,  as  much  so  as  the  most  carefully 
filtered  fluid. 

Besides  gluten,  there  may  be  other  proximate 
principles  suspended  in  the  fresh  juice  of  the  cane. 
If  starch  be  carefully  sought  for  in  the  matter 
separated  by  filtration,  I believe  it  may  always 
be  found.  I have  never  failed  to  detect  it,  using 
iodine  as  a test,  aided  by  the  microscope.  But  its 
presence,  in  the  minute  quantity  in  which  it 
occurs,  is  probably  of  little  importance.  And  the 
same  remark,  I apprehend,  is  applicable  to  any 
other  substances  which  may  exist  in  a concrete 
form  in  the  juice,  such  as  wax,  and  especially  the 
woody  fibre,  consisting  of  broken  portions  of  the 
substance  of  the  cane,  which  may  be  easily  sepa- 
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rated  by  sieves  of  wire  gauze  of  different  degrees 
of  fineness  of  aperture  placed  between  the  outlets 
of  the  mill  and  the  entrance  of  the  racking  copper. 
The  quantity  of  this  is  generally  considerable ; 
and  the  more  powerful  the  mill,  of  course  the 
greater  is  the  proportion  of  it,  and  the  greater  the 
propriety  of  removing  it,  to  avoid  the  effects  it 
may  have  if  subjected  to  a temperature  approach- 
ing the  boiling  point  in  the  process  of  clarifying 
the  juice.  And,  in  passing,  I may  remark,  this 
woody  fibre,  saturated  as  it  is  with  cane  juice, 
should  not  be  wasted ; vinegar  may  be  made  from 
it,  if  mixed  with  water  and  properly  exposed  to 
the  air  ; or,  it  may  be  given  to  horses  and  cattle,  to 
whom  it  will  be  acceptable,  if  put  before  them  pre- 
vious to  the  commencement  of  the  acetous  chancre. 

Dissolved  in  the  transparent  juice,  as  obtained 
by  filtration,  it  may  be  inferred  there  are  several 
substances,  and  these  varying  probably  in  number 
with  circumstances.  Apart  from  the  saccharine 
ingredients,  I am  disposed  to  think  that  the  most 
important  and  constant  is  one  that  is  coagulable 
by  heat,  and  that  at  a temperature  of  about 
1 60  degs.  Fahr.,  in  this  respect  resembling  albu- 
men ; and  having  the  property  of  acting  as  a 
ferment,  in  which  important  quality  it  also  re- 
sembles albumen ; whilst  it  differs  from  albumen 
in  not  being  precipitated  by  a solution  of  corro- 
sive sublimate.  When  I say  that  it  resembles 
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albumen,  in  performing  the  part  of  a ferment,  I 
may  add,  that  as  in  the  instance  of  the  albumen 
om , the  white  of  the  egg,  coagulation  appears  to 
be  essential  for  the  effect  to  be  produced : so  long 
as  the  cane  juice  remains  transparent,  there  is  no 
fermentation  perceptible ; nor  is  there  any  percep- 
tible in  a mixture  of  white  of  egg  and  a solution 
of  sugar,  till  a turbidness  is  produced  by  the  pass- 
ing of  a portion  of  albumen  from  the  liquid  to  the 
solid  state.  It  appears,  too,  to  resemble  the  wdiite 
of  an  egg  in  another  respect.  The  contents  of 
the  egg,  so  long  as  they  are  not  mixed  together, 
the  white  with  the  yolk,  undergo  little  change, 
do  not  become  putrid,  which  they  rapidly  do  when 
so  mixed.  I find  it  is  the  same  with  the  contents  of 
the  cells  of  the  cane ; if  not  broken  or  bruised, 
the  saccharine  juice  remains  in  them  many  weeks 
little  altered.  Here  is  an  example,  which  has 
been  kept  about  six  weeks,  confined  merely  in  a 
stoppered  bottle,  and  if  tasted,  the  cane  will  not 
be  found  to  be  perceptibly  acid.  The  same  is 
witnessed  in  many  kinds  of  fruits,  which  in  con- 
sequence, with  care  to  avoid  bruising  them,  may 
be  kept  sound  for  a considerable  time.  This  sub- 
stance in  the  cane  juice  bearing  an  analogy  to 
albumen,  may  be  considered  as  belonging  to  the 
class  of  azotised  compounds,  of  which  (besides 
albumen)  gluten,  curd  or  caseine,  are  well  known 
instances,  and  identical  in  properties,  it  would 
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appear,  whether  existing  in  animals  or  vegetables. 
Its  exact  place  in  this  class  remains  to  be  deter- 
mined. Its  presence  in  the  juice  of  the  cane  is 
easily  demonstrated ; and  also,  that  the  propor- 
tion of  it  commonly  is  small  in  comparison  with 
the  glutinous  principle.  If  the  fresh  juice  ren- 
dered as  clear  as  possible  by  filtration  be  heated 
to  160  degrees,  it  becomes  slightly  turbid,  and 
very  slightly.  If  kept  at  this  temperature  some 
time  and  then  filtered,  and  afterwards  exposed  to 
a higher  temperature — if  even  made  to  boil,  I have 
not  observed  it  to  become  again  turbid.  Whence 
I am  disposed  to  infer  that  such  a temperature  is 
sufficient,  so  far  as  heat  alone  is  concerned,  to 
coagulate  the  substance  under  consideration. 

Besides  this  substance,  there  is  proof  that  there 
is  another,  and  in  some  degree  an  analogous  com- 
pound, existing  in  the  juice,  not  separable  by 
heat  alone.  If  the  boiled  juice,  rendered  quite 
clear  by  filtration,  be  put  aside,  in  a short  time  it 
loses  its  perfect  transparency,  it  becomes  slightly 
turbid,  and  air  bubbles  are  disengaged,  denoting 
that  it  is  in  a state  of  fermentation,  and  that  the 
matter  that  renders  it  turbid  is  acting  the  part  of 
a ferment.  That  it  does  so  act  is  indeed  certain, 
keeping  in  mind,  that  a solution  of  pure  sugar  in 
water  is  not  capable  of  fermenting.  A leaven,  or 
ferment,  a matter  totally  different  from  sugar, 
and  always  containing  azote,  is  essential  to  excite 


264 


ON  THE  MAKING  OF 


fermentation.  If  only  the  smallest  portion  of 
such  a matter  be  added  to  an  aqueous  solution  of 
sugar,  it  will  certainly  have  this  effect,  at  the 
ordinary  temperature  of  the  atmosphere,  even  in 
a cool  climate.  Further,  if  to  the  clear  filtered 
juice  after  boiling,  a minute  quantity  of  solution 
of  alum  be  added  and  heat  be  applied  to  ebullition, 
a turbidness  will  be  occasioned,  and  a precipitate 
on  rest  formed.  After  this,  I have  not  found 
that  the  juice  is  liable  to  ferment ; nor  have  I 
found  that  the  precipitate  is  capable  of  producing 
fermentation,  when  added  to  pure  sugar  and 
water. 

This  matter,  of  the  nature  of  a ferment,  not 
coagulable  by  the  boiling  temperature,  I am  in- 
duced to  believe,  is  not  affected  by  alumine  or 
clay  ; and  I am  doubtful  whether  it  is  coagulable 
by  lime  alone,  inasmuch  as  I have  detected  it  in 
liquor  from  the  racking  copper  tempered  by  means 
of  lime,  and  tested  by  litmus  paper ; but  I believe 
it  is  coagulated  and  separable  by  filtration  when, 
in  the  process  of  tempering,  lime  in  excess  is 
used,  according  to  the  method  recommended  by 
Dr.  Shier,  neutralising  the  excess  by  sulphuric 
acid ; and  I believe  a similar  effect  is  produced 
when,  as  proposed  and  tried  by  Dr.  Goding,  an 
infusion  of  tannin  is  used  in  the  process  of  cla- 
rifying. 

This  matter?  in  the  operation  of  sugar-making, 
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you  must  be  aware  is  of  great  importance,  inas- 
much as  it  remains  in  solution  after  boiling,  and 
has  not  its  power  as  a ferment  destroyed  by  boil- 
ing. I have  found  it  to  form  the  principal  pro- 
portion of  a substance  which  I received  from 
Mr.  Edward  Packer,  procured  by  filtering  the 
liquor  from  the  skipping  teach,  when  it  was  of 
the  temperature  215  deg.  of  Fahr.  It  is  this  sub- 
stance, it  may  be  inferred,  which  exists  in  mo- 
lasses, and  imparts  to  it  its  power  of  fermenting, 
and  exists  also,  more  or  less,  in  all  muscovado 
sugars  made  by  the  methods  commonly  in  use, 
and  is  the  principle  chiefly  on  which  their  de- 
terioration depends  as  connected  with  ferment- 
ation, and  the  changes  which  take  place  slowly 
from  the  action  on  each  other  of  the  mixed  ingre- 
dients. I shall  revert  to  this  hereafter. 

Let  us  now  give  our  attention  to  the  saccharine 
matter  of  the  cane  juice  — that  which  I have  said, 
even  in  the  cells  of  the  cane,  is  always  in  a state 
of  solution  by  means  of  water,  and  which  we  are 
certain  is  so  in  the  expressed  juice.  It  is  a ques- 
tion whether  this  saccharine  matter  is  altogether 
crystal  Usable  sugar,  or  in  part  consists  of  other 
varieties  of  sugar  which  are  not  crystallisable,  or 
with  difficulty  crystallisable.  In  every  trial  I 
have  made  on  the  fresh  juice,  I have  detected  in 
it  glucose,  one  of  the  latter  varieties  : thus,  when- 
ever I have  added  a little  sulphate  of  copper  to  it, 
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and  solution  of  potash  sufficient  to  dissolve  the 
precipitate  at  first  formed,  on  boiling  this  mixture 
an  orange  precipitate  has  been  obtained,  and  not  a 
green  one  or  a deep  blue  solution,  which  would 
have  resulted  had  the  saccharine  matter  in  the 
juice  been  altogether  of  the  readily  crystallisable 
kind : and  this  is  confirmed  by  the  circumstance 
of  the  rapid  manner  in  which  the  freshly  expressed 
juice  enters  into  the  vinous  fermentation,  for  which 
the  kind  of  sugar  alluded  to,  glucose,  or  grape- 
sugar,  is  considered  essential.  Be  this  as  it  may, 
it  is  certain,  however,  that  the  greater  portion  of 
the  saccharine  matter  of  the  juice  is  crystallisable, 
and  may  be  obtained  in  the  state  of  crystals,  if, 
after  rapid  boiling  and  filtering  for  the  purpose  of 
clarification,  the  clear  fluid  be  rapidly  evaporated. 
On  a small  scale  the  experiment  is  easily  made, 
and  with  very  satisfactory  results,  if  the  juice  of 
canes  thoroughly  ripe  and  sound  be  used.  No 
addition  is  necessary,  not  even  lime  ; and  the  re- 
sidue not  crystallised  is  small ; it  is  semi-fluid,  and 
almost  colourless,  and  the  crystals  of  sugar  are 
likewise  almost  colourless.  I have  laid  stress  on 
rapidity  of  boiling  and  evaporating,  that  being  a 
condition  of  great  importance  in  sugar-making, 
as,  by  slow  boiling,  or  even  exposure  for  a con- 
siderable time  to  a temperature  below  the  boiling 
point,  glucose  may  be  formed  from  the  purest 
crystallised  sugar  dissolved  in  water.  When  we 
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consider  how  nearly  allied  these  varieties  of  sugar 
are,  and  likewise  how  nearly  allied  they  are  to 
other  substances,  such  as  gum,  starch,  woody  fibre, 
we  cannot  be  surprised  either  at  the  conversion 
of  one  kind  of  sugar  into  the  other  or  into  these 
substances,  or  at  the  formation  of  sugar  from 
them  — changes  which  are  of  frequent  occurrence 
in  plants  during  their  growth,  and  are  some  of 
them  practicable  in  the  laboratory  by  employing 
particular  methods,  and,  as  you  are  well  aware, 
are  not  altogether  unknown  in  the  making  of  sugar; 
for  instance,  when  the  liquor  becomes  ropy,  in 
consequence  of  the  transition  of  saccharine  into 
gummy  matter  — these,  substances  which  are  che- 
mically isomeric,  that  is,  identical  in  composition, 
so  far  as  their  elements  are  concerned  and  the  pro- 
portions of  these  elements,  though  the  substances 
gum  and  sugar  are  so  different  in  their  properties. 

In  the  account  just  given  of  the  principal 
constituents  of  the  cane,  I have  not  noticed  the 
fixed  earthy  or  saline  matters,  such  as  constitute 
its  ashes,  when  all  that  is  volatile  belonging  to  it 
has  been  dissipated  by  burning : these  matters 
are  chiefly  phosphate  of  lime,  carbonate  of  lime 
and  magnesia,  silica,  and  the  vegetable  alkali ; 
the  greater  part  of  which  belongs  to  the  solid 
portion  of  the  cane  stalk  and  its  leaves;  the 
smaller,  and  that  a very  inconsiderable  part,  to 
the  substances  contained  in  the  juice  dissolved  or 
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suspended.  In  a former  discourse,  these  fixed 
matters  derived  from  the  soil,  as  they  necessarily 
are,  have  been  adverted  to,  and  the  importance 
of  returning  them  to  the  soil,  to  prevent  its 
exhaustion,  insisted  on. 

I shall  now  briefly  bring  under  your  consider- 
ation some  of  the  processes  of  sugar-making  and 
their  products,  to  which  what  has  been  already 
stated  will  be  more  or  less  applicable  as  partial 
tests  of  the  efficiency  of  the  one  and  of  the  good- 
ness of  the  other. 

In  the  most  ordinary  manner  of  making  sugar, 
the  expressed  juice  is  received  as  it  runs  from  the 
mill  into  the  racking  copper  without  the  interven- 
tion of  strainers,  is  there  tempered  by  the  addi- 
tion of  a certain  quantity  of  lime,  and,  when 
bubbles  of  air  rise  and  produce  cracks  in  the 
adhesive  scum  — a mixture  of  gluten,  principally, 
and  woody  fibre  — the  liquor  underneath  the  crust 
of  scum,  now  clear,  at  the  temperature  of  about 
205  deg.  Fahr.,  is  drawn  off  into  the  boilers,  in 
which,  by  the  action  of  a strong  fire,  it  is  reduced 
to  what  is  supposed  to  be  a proper  consistence  for 
granulation  on  cooling  ; a constant  skimming 
going  on,  a man  being  stationed  at  each  copper  of 
the  set  during  the  boiling,  for  the  purpose  of  re- 
moving impurities  that  may  rise  as  scum. 

If  the  sugar  thus  obtained  be  carefully  ex- 
amined, judging  from  the  trials  I have  made,  it 
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will,  when  of  the  best  quality,  and  after  haying 
been  well  drained  of  molasses,  be  found  of  a grain 
more  or  less  crystalline ; it  will  be  found  to  lose 
in  drying  about  6 per  cent.,  to  dissolve  in  water, 
leaving  but  a small  portion  undissolved,  and  in 
this  state  of  solution  to  be  readily  fermentable. 
If  examined  with  the  microscope,  it  will  seem  to 
consist  of  crystals  of  sugar,  and  of  uncrystallised 
granules  — probably  of  glucose ; of  very  minute 
granules  not  soluble  in  water — probably  an  azotised 
matter,  as  they  are  rendered  brown  by  iodine ; 
of  starch-particles,  also  insoluble  in  water,  which 
are  rendered  blue  by  iodine,  and  of  minute  frag- 
ments of  woody  fibre. 

If  of  inferior  quality,  whether  owing  to  the 
nature  of  the  soil  or  season,  or  to  want  of  care  in 
the  making,  it  will  be  found  to  abound  more  in 
impurities,  to  give  a larger  residue  when  dissolved 
in  water,  to  sustain  a greater  loss  in  being  tho- 
roughly dried,  and  to  present  more  impurities,  and 
fewer  well-formed  crystals  of  sugar  when  seen 
under  the  microscope. 

An  improved  method  of  making  sugar  is  that 
by  the  vacuum-pan,  and  by  the  so-called  Gadesden’s 
pan.  I notice  them  together,  because  their  object 
is  very  similar,  namely,  in  the  higher  concentration 
of  the  juice,  to  avoid  the  elevated  temperature  to 
which  it  is  exposed  in  the  ordinary  way,  and  not 
allow  it  in  the  last  stage  to  reach  the  boiling  point 
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of  water.  Another  advantage  combined  with  the 
preceding  is  the  passing  of  the  concentrated  juice — 
concentrated  to  a certain  degree  by  boiling  in  the 
usual  way  — through  a filter,  before  admitting  it 
into  the  pan ; and  a third  advantage,  I believe, 
is,  that  in  the  pan  the  concentration  is  carried 
farther  than  it  can  be  with  safety  in  the  teach, 
even  beyond  incipient  granulation. 

The  sugar  thus  obtained  is  purer  and  more 
crystalline  than  ordinary  moist  muscovado  sugar ; 
it  consists,  indeed,  mainly  of  crystals  of  sugar 
slightly  coloured,  and  loses  less  in  being  tho- 
roughly dried,  — one  sample  of  vacuum-pan  sugar 
which  I tried,  lost  less  than  2 per  cent.,  viz.  T6  ; it 
yields  only  a very  minute  residue  when  dissolved 
in  water,  and  the  solution  formed  is  very  little 
prone  to  fermentation. 

It  may  be  well  to  bear  in  mind,  in  connection 
with  these  processes,  that  whatever  tends  to  keep 
the  saccharine  matter  of  the  juice  unchanged,  and 
to  remove  impurities,  favours  the  crystallisation  of 
the  sugar  ; and  that  the  formation  of  well-defined 
crystals,  in  its  turn,  favours  the  drainage  of  mo- 
lasses, and  thereby  the  production  of  a purer  and 
drier  sugar ; and  I think  it  not  improbable  that, 
under  circumstances  in  which  the  tendency  to 
crystallise  is  favoured,  even  the  glucose  part  may 
undergo  conversion,  and  become  sugar  of  the  first 
quality. 
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In  illustration  of  these  remarks  may  be  men- 
tioned the  excellent  quality  of  vacuum- pan  sugar 
obtained  on  the  Lemon  Arbor  estate,  in  this 
island,  the  property  of  Mr.  Maycock,  mainly 
owing,  I believe,  to  two  peculiarities  of  treatment 
adopted  by  that  enterprising  and  intelligent  gen- 
tleman ; one,  allowing  the  liquor  (the  cane-juice), 
after  having  been  clarified  and  skimmed,  and  re- 
duced by  boiling  to  24  deg.  of  Baume’s  hydrome- 
ter, to  remain  at  rest  in  a cistern  for  twenty-four 
hours,  when  a considerable  sediment  of  the  matter 
of  ferment  takes  place ; the  other,  potting  before 
the  liquor  is  reduced  to  a high  degree  of  concen- 
tration in  the  vacuum-pan,  and  leaving  it  undis- 
turbed to  crystallise  in  the  vessels  to  which  it  is 
transferred  — the  best  form  for  which  seems  to  be 
the  conical  — when  a farther  separation  of  leaven 
takes  place,  rising  to  the  surface,  as  a grey  scum.* 
A process  has  been  employed  by  Dr.  Shier, 
already  alluded  to,  recommended  by  its  simplicity, 
and  I believe  I may  add  efficacy,  and  is,  in 
consequence,  as  might  be  expected,  considering 
who  is  its  author,  very  deserving  of  attention.  It 
consists  in  tempering  with  excess  of  lime,  filtering 
after  having  brought  to  ebullition  the  tempered 
juice,  — an  operation  (that  of  filtering)  which  the 
excess  of  lime  appears  to  facilitate, — and  neutralis- 
ing that  excess  by  sulphuric  acid.  After  this,  the 

* See  Agricultural  Reporter,  vol.iv.  p.  171. 
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reduction  of  the  liquor  to  a proper  state  of  concen- 
tration for  skipping  is  conducted  without  any 
skimming  being  required  ; and  the  skipping  — the 
transfer  of  the  concentrated  liquor  — is  made  at  a 
high  temperature,  viz.  between  238  deg.  and  240 
deg.  Fahr. 

The  sugar  thus  obtained,  it  would  appear,  has 
most  of  the  good  qualities  of  the  vacuum-pan 
sugar.  It  is  not,  indeed,  so  highly  crystalline, 
but  it  is,  judging  from  the  specimens  I have  seen, 
of  as  light  a colour,  as  little  disposed  to  ferment 
wrhen  dissolved  in  water,  and  yielding  when  dis- 
solved as  small  a residue.  According  to  the  trials 
made  by  Dr.  Shier,  it  loses  in  drying  from  3 to  5 
per  cent. ; and  it  is  in  its  dried  state  that  it  is  ex- 
ported. The  samples  of  sugar  thus  made,  which 
have  been  sent  to  England,  I am  informed,  have 
been  priced  by  the  brokers  at  6s.  the  cwt.  above 
the  ordinary  sugar  of  Demerara.  One  great  ad- 
vantage of  this  process  of  making  sugar  is,  that 
the  ordinary  implements  of  the  boiling-house  are 
the  only  ones  required,  and  that  no  additional  cost 
is  entailed — the  expense  of  the  sulphuric  acid  used 
being  so  trifling,  that  it  may  be  left  entirely  out 
of  the  account,  — and  no  increase,  but  a diminution 
of  labour,  and  also  a diminution  of  waste  in  con- 
sequence of  skimming  not  being  necessary. 

The  results  of  this  method  really  appear  to  me 
to  exceed  greatly  what  might  a 'priori  be  expected 
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from  it.  I apprehend  the  addition  of  the  sulphuric 
acid  is  beneficial,  not  only  in  neutralising  the  lime 
in  excess,  and  in  decomposing  any  compound  of 
lime  and  sugar  formed,  but  also  in  other  ways.  It 
may  tend  to  convert  starch  into  sugar.  We  know 
that  when  starch  is  boiled  in  water,  slightly  aci- 
dulated with  sulphuric  acid,  it  is  so  converted  ; 
but  to  this  I attach  little  importance.  It  may 
expel  any  acetic  acid  present  in  combination,  or 
any  carbonic  acid,  converting  any  acetates  which 
may  be  in  the  liquor,  or  carbonates,  or  even 
nitrates  into  sulphates — a conversion,  I believe, 
not  unimportant,  for,  according  to  some  trials 
which  I have  made,  (it  has  been  in  the  instance  of 
curd,  and  I mention  the  results  only  incidentally,) 
curd  may  be  kept  many  months  in  a solution  of 
sulphate  of  soda,  or  of  sulphate  of  magnesia,  ap- 
parently unaltered,  not  discoloured,  whilst  in  a 
solution  of  carbonate  of  soda,  or  potash,  or  am- 
monia, or  of  nitrate  of  potash,  it  undergoes  ma- 
terial change,  and  becomes  of  a dark  brown.  By 
analogy,  it  may  be  conjectured  that,  in  the  process 
of  sugar-making,  the  presence  of  any  alkaline  sul- 
phates formed  may  be  equally  innocuous  on  the 
very  little  azotised  matter,  if  any,  remaining,  and 
may  tend  to  render  it  inert  as  a ferment. 

Another  advantage  may  be  mentioned  connected 
with  this  process,  which  is  deserving  of  attention, 
viz.  the  high  striking  temperature  — a temperature 
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which,  in  this  instance,  contrary  to  what  might  be 
expected,  does  not  appear  to  have  any  injurious 
effect  on  the  quality  of  the  sugar.  The  power 
water  possesses  of  dissolving  sugar,  is,  in  a great 
measure,  proportional  to  its  temperature ; a satu- 
rated syrup  made  with  boiling  water,  contains  in 
solution  about  five  parts  of  sugar;  made  with  cold 
water,  it  contains  only  three  parts;  and,  conse- 
quently, in  the  cooling  of  the  former,  two  parts 
merely  will  be  deposited  from  the  difference  of 
temperature,  and  the  greater  that  difference,  the 
more  sugar  will  be  deposited  in  the  cooling ; and 
hence,  obviously,  cateris  paribus,  the  advantage  of 
skipping  at  a high  temperature.  On  this  effect 
of  change  of  temperature,  the  whole  process  of 
sugar-making  by  the  ordinary  methods  may  be 
said  to  depend  — a fact,  perhaps,  not  sufficiently 
regarded,  too  often  wastefully  overlooked ; it  is 
too  often  forgotten  that,  by  subjecting  the  molasses 
to  a second  boiling,  or  by  returning  it  to  the  cla- 
rifier to  be  mixed  with  fresh  juice,  an  additional 
quantity,  a large  increase  of  sugar,  may  be  ob- 
tained. 

Excellent  muscovado  sugar,  I understand,  is 
made  in  Yera  Cruz,  said  to  be  the  best  in  the 
West  Indies.  From  what  I have  heard  of  this 
process,  it  is  very  simple,  its  peculiarity  being 
chiefly  in  the  method  of  clarifying.  This  is 
effected  by  the  substitution  of  steam-heat  for  that 
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of  an  open  fire,  applied  to  the  racking  copper ; 
filling  this  vessel,  which  is  of  a square  form,  to 
the  brim  ; raising  the  temperature  of  the  juice  to 
about  120  deg. ; and  then  separating  the  scum  that 
rises,  by  passing  a long  flat  piece  of  wood  over  the 
surface.  The  tempering  follows  ; it  is  effected  at 
180  deg.  Fah.,  with  milk  of  lime  passed  through 
a fine  wire-gauze  filter ; and  the  second  scum,  that 
which  rises  after  this  addition,  is  removed  in  the 
same  manner  as  the  first.  Finally,  before  boiling 
the  liquor  is  filtered. 

These  improved  methods,  and  others  which 
might  be  mentioned,  have  naturally  resulted  from 
competition,  and  the  comparatively  low  price  of 
sugar,  mainly  the  consequence  of  that  compe- 
tition, augmenting  the  quantity  produced  more 
rapidly  than  the  demand  increased.  In  every 
branch  of  industry  we  may  be  sure  that  intelli- 
gent and  prudent  enterprise  wdll  be  remunerated, 
and  that  old  and  imperfect  methods,  invented 
when  the  prices  of  sugar  were  high,  in  conse- 
quence of  the  demand  exceeding  the  supply,  can- 
not be  successful  now,  as  then  ; and  that  the 
planter  will  be  blind  to  his  own  interest,  and  be 
carrying  on  a losing  concern,  if  he  do  not  avail 
himself  of  methods  found  by  experience  to  be 
superior  to  the  old,  and  more  profitable  — the 
business-test  of  that  superiority. 

The  making  of  sugar  has  owed  much  to  science. 
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It  was  a philosophical  chemist  (the  same  who  first 
analysed  meteoric  stones,  and  proved  them  to  be 
meteoric,)  who  introduced  the  vacuum-pan  method 
into  use,  by  which  such  facility  was  given,  with  a 
remarkable  reduction  of  the  price  of  the  article, 
to  the  refining  of  sugar.  In  France,  it  has  been 
by  the  application  of  chemical  science  that  beet- 
sugar,  the  produce  of  the  country,  has  been  able 
to  compete  with  cane-sugar,  affording  a remark- 
able instance  of  a conquest,  I may  say,  and  tri- 
umph effected  by  science,  the  proportion  of  sac- 
charine juice  in  the  beet-root  being  only  about 
half  as  much  as  in  the  cane,  and  mixed  with 
substances  more  difficult  of  extraction  and  more 
injurious  in  their  reaction.  Let  the  same  skill 
directed  by  science,  be  applied  to  the  making  of 
sugar  from  the  cane,  and  we  may  reasonably 
expect  the  happiest  results.  And  that  there  is 
ground  for  such  anticipation  seems  to  be  proved 
by  what  has  been  ascertained  by  the  analysis  of 
the  fresh  cane.  In  its  ripe  state,  it  would  appear 
to  contain,  on  an  average,  about  17  per  cent,  of 
sugar  dissolved  in  73  of  water,  the  woody  fibre, 
the  receptacle,  being  about  10  per  cent.  No 
allowance  in  this  estimate  is  made  for  the  other 
ingredients,  because  they  are  in  so  minute  a quan- 
tity. In  comparison,  how  small  is  the  proportion 
of  sugar  actually  obtained  by  the  planter  ! In- 
stead of  nearly  17  per  cent.,  it  would  appear  to 
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vary  from  3 to  8 per  cent.  In  Louisiana,  where 
the  canes  are  seldom  fully  ripe,  it  is  said  that 
hardly  3 per  cent,  of  sugar  is  obtained,  i.  e.  from 
100  lbs.  of  cane,  and  that  with  difficulty.  In 
Cuba  and  Porto  Pico,  the  produce  is  increased  to 
4 per  cent.  ; in  the  French  and  British  colonies 
to  about  5 ; and  by  Dr.  Shier’s  method,  we  are 
informed  by  him,  the  produce  has  varied  from  7*3 
to  8*1  per  cent.  These  differences,  and  the  pro- 
duce being  so  low,  compared  with  the  quantity  of 
saccharine  matter  in  the  juice,  are  chiefly  owing, 
there  can  be  little  doubt,  to  the  manufacturing 
methods  in  use,  and  to  the  kind  of,  and  often  im- 
perfect, mill-power  employed  to  express  the  juice, 
ordinary  mills  expressing  little  more  than  50  per 
cent.,  whilst  steam-mills  of  the  best  construction 
are  capable  of  expressing  71  per  cent.,  sacrificing 
the  megass,  which,  by  this  great  pressure,  unless 
the  action  be  proportionally  retarded,  is  too  much 
broken  to  be  used  as  fuel,  and  65  per  cent, 
without  injury  to  this  article  as  fuel.  When  we 
reflect  on  these  circumstances,  how  manifest  is  it 
that  there  is  a great  opening  for  economical  and 
profitable  improvement  in  the  making  of  sugar  by 
the  application  of  science,  chemical  and  mechani- 
cal, to  the  process. 

With  your  permission,  I shall  now  call  your 
attention  to  another  branch  of  our  subject,  not 
unimportant  or  uninteresting  in  an  economical 
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point  of  view,  both  in  relation  to  the  interests  of 
the  planter  and  the  consumer,  viz.  the  state  in 
which  it  is  most  advantageous  to  have  sugar 
manufactured  for  the  market,  and  especially  for 
exportation;  and  the  quality  or  kind  of  sugar 
which  is  most  wholesome,  most  nutritive,  and, 
consequently,  best  fitted  for  general  use  as  an 
article  of  diet. 

As  regards  the  nutritive  power  of  sugar,  we 
are  sure  that  it  is  not  the  pure  kind,  that  which 
is  doubly  refined,  that  is  most  nourishing.  It 
contains  no  azotised  matter,  no  phosphate  of  lime ; 
and,  consequently,  neither  the  growth  of  the 
young,  nor  the  waste  of  the  animal  structure  in 
advanced  life,  can  in  the  one  instance  be  main- 
tained, or  in  the  other  restored  by  means  of  it. 
Dogs  that  have  been  fed  on  pure  sugar,  have  ra- 
pidly died  from  inanition.  All  muscovado  sugars 
contain  a certain  portion  of  azotised  matter,  and 
these,  consequently,  must  be  considered  as  most 
nourishing ; and,  probably,  the  higher  in  degree, 
the  larger  the  proportion  of  this  matter.  Such  is 
the  conclusion,  reasoning  on  the  subject  a 'priori  ; 
and  the  correctness  of  it  seems  to  be  confirmed  by 
several  facts  besides  the  one  already  mentioned. 
During  crop  time,  when  the  fresh  juice  of  the  cane 
is  so  profusely  used,  all  animals,  and  not  least  the 
labourers,  improve  in  condition.  The  negro  pre- 
fers muscovado  sugar  to  refined  sugar  for  his  own 
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use.  Ants  show  the  same  preference : if  allowed 
access  to  syrup  exposed  to  the  air, — its  aqueous 
part,  in  consequence,  slowly  evaporating,  — I have 
observed,  after  a time,  a residue  of  white  sugar, 
the  ants  having  carried  off  the  browner  particles 
and  any  adhering  molasses. 

In  the  instance  of  refining  sugar,  I believe  a 
fastidious,  and  perhaps  an  acquired  taste  has  been 
consulted  rather  than  health ; it  having  been  used 
at  first  as  a luxury,  only  gradually  become,  as  it 
now  is,  a necessary.  If  this  be  true,  as  I believe 
it  to  be,  it  would  be  well  to  keep  it  in  mind,  and 
to  act  on  it  in  some  measure,  both  in  the  conduct- 
ing of  the  manufacturing  process,  and  in  the  selec- 
tion of  the  article  for  domestic  use. 

As  regards  the  state  in  which  sugar  should  be 
prepared  for  exportation,  I apprehend  that,  with 
a view  to  economy,  both  to  diminish  the  cost  of 
freight  and  to  avoid  the  loss  by  leakage,  whatever 
the  qualities  of  the  muscovado  sugars  may  be, 
they  should  be  thoroughly  dried  in  the  first  in- 
stance ; an  operation  which,  if  properly  conducted, 
is  neither  difficult  nor  expensive.  From  2 to  6 
per  cent,  of  water  being  expelled  in  the  drying, 
the  freight  will  be  so  much  the  less ; and  not  only 
will  all  leakage  be  prevented,  but  all  fermentation, 
and  this  even  in  sugars  of  least  purity,  such  as 
contain  most  ferment,  water  being  essential  to 
the  fermenting  process ; and,  likewise,  it  is  pro- 
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bable  that  all  deteriorating  change  will  be  pre- 
vented, the  result  of  the  action  of  the  impurities 
on  each  other  and  on  the  sugar,  moisture  being 
necessary  to  promote  such  a change.  Thoroughly 
dried  sugar  may  be  compared  to  thoroughly  dried 
fruits,  which  will  keep  for  almost  an  indefinite 
time  if  preserved  in  that  state ; and,  like  fruits, 
are  prone  to  a certain  kind  of  decay  if  not  so  dried, 
or  if  moisture  be  admitted  to  them.  Dried  sugar 
too,  like  fruits,  can  be  packed  in  baskets,  and  so 
exported ; which,  in  many  situations,  may  be  an 
advantage  in  point  of  economy  and  facility  of 
transport. 

These  remarks,  in  great  part,  apply  also  to  mo- 
lasses. If  dilute,  it  readily  enters  into  fermenta- 
tion, occasioning  often  a great  loss;  a change 
which  may  be  checked  by  concentration;  but 
whether  entirely  prevented  without  carrying  the 
concentration  to  inspissation,  I am  not  prepared 
to  say.  This  is  a question  that  can  be  determined 
only  by  experiment ; as  is  also  the  question  whe- 
ther the  concentration  of  the  molasses,  or  its  eva- 
poration to  dryness,  may  not  in  some  instances  be 
advisable,  when  it  would  be  converted  into  an 
article  not  differing  much  from  the  coarse  sugar — 
the  jaggery  of  India,  so  much  used  by  the  na- 
tives. As  regards  the  strength  of  molasses,  it 
should  be  remembered,  that  it  is  capable  of  ab- 
sorbing water  from  moist  air,  as  well  as  of  losing 
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water  when  exposed  to  dry  air,  and  especially  to 
a strong  current  of  air.  Too  frequently,  I believe, 
it  is  kept,  before  being  put  into  casks,  so  situated 
as  to  be  likely  to  become  more  dilute  rather  than 
more  concentrated ; and,  from  being  only  partially 
covered,  to  become  more  impure,  from  dust  and 
insects  falling  into  it. 

The  making  of  rum,  to  which  I now  beg  leave 
briefly  to  call  your  attention,  being,  in  all  its  parts, 
strictly  a chemical  process,  success  in  the  opera- 
tion must  necessarily  very  much  depend  on  its 
being  conducted  in  a scientific  manner,  or  accord- 
ing to  the  principles  determined  by  chemical  re- 
search. The  result  to  be  obtained  is  the  conver- 
sion of  a saccharine  into  a spirituous  and  volatile 
fluid;  in  brief,  the  production  of  alcohol  from 
sugar.  The  elements  concerned  are  saccharine 
matter,  leaven,  or  a matter  of  ferment , and 
water.  The  conditions  required  are  a certain  de- 
gree of  dilution,  a certain  temperature,  and  the 
exclusion,  as  much  as  possible,  after  the  fermenta- 
tion has  commenced,  of  atmospheric  air.  The 
success  of  the  process  is  determined  by  the  know- 
ledge of  the  proportions  in  which  the  several 
ingredients  should  be  mixed,  and  in  the  observ- 
ance of  the  circumstances  favourable  to  fermenta- 
tion ; and  also  in  the  knowledge  of  the  exact  time 
when  the  fermenting  process  is  concluded,  and 
when  that  of  distillation  should  be  entered  upon : 
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for  if  there  be  loss  of  time,  any  considerable  in- 
terval between  the  completion  of  the  one  and  the 
beginning  of  the  other,  loss  of  spirit  will  be  sus- 
tained, inasmuch  as  in  the  fermented  fluid,  leaven 
being  present,  the  tendency,  through  the  influence 
of  that  leaven,  if  atmospheric  air  be  not  entirely 
excluded,  is  to  the  conversion  of  the  spirit  into 
vinegar.  In  the  change  of  sugar  into  alcohol,  and 
of  alcohol  into  vinegar,  there  is  a new  arrangement 
and  proportioning  of  the  constituent  elements. 
Carbon,  oxygen,  hydrogen,  are  the  constituents 
of  each.  Sugar  differs  from  alcohol  in  containing 
more  carbon  and  oxygen.  Alcohol  differs  from 
vinegar  in  containing  less  oxygen  and  more  hy- 
drogen. In  the  process  of  the  spirituous  fer- 
mentation, carbonic  acid  is  disengaged,  thereby 
removing  a certain  portion  of  carbon  and  oxygen. 
In  the  process  of  the  acetous  fermentation  (strictly 
a process  of  oxidation,  and  not  one  of  fermentation) 
a certain  quantity  of  oxygen  is  absorbed,  thereby 
increasing  the  proportion  of  this  element,  with  a 
diminution  of  the  hydrogen  element. 

To  insure  a steady  and  active  fermentation,  the 
most  important  circumstance  is  the  addition  of 
ferment  in  sufficient  quantity.  The  scum  from 
the  racking  copper  and  the  shimmings  are  more 
than  sufficient  for  the  purpose,  when  the  processes 
of  making  sugar  and  rum  are  carried  on  at  the 
same  time ; but,  as  it  more  commonly  happens 
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that  rum  is  made  after  the  sugar,  and  from  molasses 
alone,  there  is  often  a deficiency  of  ferment,  and, 
in  consequence,  the  operation  of  fermentation  pro- 
ceeds languidly,  and  vinegar  is  formed  as  well  as 
spirit.  To  be  provided  against  this,  and  to  avoid 
the  expense  of  importing  yeast  from  England,  it 
may  be  advantageous  to  have  in  store  a good 
quantity  of  the  sugar-ferment,  viz.  the  scum  from 
the  racking-copper  and  the  skimmings,  either  pre- 
served by  being  dried,  or  by  being  put  aside  and 
kept  as  much  as  possible  excluded  from  the  atmo- 
sphere. The  former  I believe  is  most  practicable. 
According  to  the  trials  I have  made,  this  ferment 
retains  its  virtues,  so  preserved,  for  many  months. 
It  is  well  to  bear  in  mind,  that  the  ferment  is  very 
little  wasted  in  the  operation,  that  no  part  of  it 
enters  into  the  composition  of  the  spirit  formed — 
it  acting  mainly,  if  not  altogother,  as  a stimulant 
or  exciting  body  on  the  elements  of  the  sugar, 
promoting  the  new  arrangement  which  takes  place 
of  the  elements  essential  to  the  conversion  into 
alcohol;  acting,  briefly,  in  a manner  not  unlike 
that  of  a spark  of  fire  on  gunpowder,  or  that  of  a 
high  temperature,  such  as  flame  possesses,  on  oil 
or  wax  in  exciting  combustion. 

Another  circumstance  of  importance  is  the 
proper  dilution  of  the  liquor  to  be  fermented,  to 
be  determined  by  its  specific  gravity.  If  too 
much  w’ater  be  added,  the  fermentation  will  be 
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feeble,  the  operation  protracted,  and  imperfect  in 
its  results,  and  much  fuel  will  be  consumed  in  the 
process  of  distillation  ; if  too  little  water  be  added, 
there  will  be  a waste  of  saccharine  matter,  — the 
spirit  formed  in  the  fermenting  vat  will  check 
further  fermentation,  and  the  conversion  of  the 
saccharine  matter  into  spirit. 

Scrupulous  attention  to  cleanliness  in  all  parts 
of  the  process,  cannot,  I believe,  be  too  much  in- 
sisted on.  If  the  vessels  are  impure,  if  any  acid, 
such  as  vinegar,  adheres  to  them,  or  any  mouldi- 
ness, the  tendency  will  be  to  the  conversion  of  a 
part  of  the  saccharine  matter  into  vinegar  and 
into  mucor.  It  is  considered  a proper  precaution 
to  wash  out  the  vats  with  lime  water;  and  it 
would  probably  be  useful  to  add  some  carbonate 
of  lime  in  powder,  such  as  prepared  chalk,  or  cal- 
careous marl,  to  the  liquor  and  to  the  ferment,  for 
the  purpose  of  neutralising  the  acetic  acid  that 
may  have  formed  in  them. 

On  the  process  of  distillation  I shall  not  attempt 
to  offer  any  remarks,  not  having  given  it,  as  it  is 
conducted  here,  specially  my  attention ; and.  en- 
tertaining the  hope  that,  ere  long,  as  the  sugar- 
manufacturing processes  are  improved,  with  in- 
creased profits,  it  will  be  for  the  interests  of  the 
planter,  as  it  will  unquestionably  be  for  the 
interest  of  mankind,  to  make  more  sugar  and 
less  rum,  and  that  smaller  quantity  of  superior 
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quality,  so  as  to  be  of  higher  price,  less  easily  ob- 
tainable, and  less  unwholesome.  Dr.  Mitchell,  of 
Trinidad,  has  lately  proposed  an  ingenious  method 
of  making  sugar,  and,  as  he  thinks,  of  superior 
quality,  and  at  a cheap  rate,  viz.  from  the  juice 
obtained  from  the  canes,  after  having  been  sub- 
jected, before  expression,  to  the  boiling  tempera- 
ture. If  this  method  should  be  found  successful, 
as  the  greater  part  of  the  gluten  and  azotised 
matters  would  be  retained  in  the  cellular  tissue  of 
the  canes,  coagulated  by  the  heat,  little  scum  or 
matter  of  ferment  would  be  thrown  up  in  the 
operation  of  clarifying;  and,  consequently,  the  pro- 
cess would  be  very  unfavourable  to  the  making 
of  rum  : thus  affording  an  instance  in  point. 

I believe,  to  express  frankly  what  I think,  it  would 
be  well  for  mankind  if  such  a spirit  as  rum  were 
unknown,  the  deleterious  effects  of  which,  when 
abused,  have  been  so  fatal  to  the  health  of  the 
white  inhabitants  of  these  colonies,  keeping  down 
the  population,  and  creating  a reasonable  and  se- 
rious objection  to  European  immigration.  One 
great  evil,  that  of  slavery,  has  happily  been  re- 
moved from  hence.  It  is  not,  surely,  a false  feel- 
ing of  humanity  to  desire  the  putting  a stop  to 
perhaps  the  next  in  point  of  magnitude,  regarding 
its  consequences,  viz.  the  use  — the  abuse  of  rum 
^for  they  can  hardly  be  separated.  Were 
white  labourers  temperate,  I have  little  doubt 
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they  would  be  able  to  bear  the  climate  of  the 
West  Indies  infinitely  better  than  they  have 
hitherto  done,  and  that  they  would  have  a greatly 
better  chance  of  escaping  most  of  the  fatal  diseases 
peculiar  to  the  climate ; and,  what  is  worse  than 
bodily  disease,  that  degeneration  to  which  they 
are  subject  from  the  influence  of  intemperate 
habits  and  of  climate  combined  — a degeneration 
of  which  there  are  too  many  and  melancholy  in- 
stances in  this  island,  in  the  descendants  of  the 
original  white  colonists  belonging  to  the  class  of 
labourers.  With  these,  it  is  deserving  of  remark, 
are  strongly  contrasted  men  of  the  same  race  as 
regards  aboriginal  stock,  the  gentlemen,  planters 
who,  though  very  much  exposed  to  the  open  air 
and  to  the  sun,  and  taking  very  much  exercise, 
yet  commonly  enjoy  good  health,  and  rarely 
suffer  from  those  diseases  of  climate  alluded  to 
above. 

Situated  as  these  colonies  are  at  present,  com- 
peting with  the  Spanish  and  Portuguese  colonies 
in  the  culture  of  tropical  produce,  is  it  not  most 
desirable  that  their  free  population  should  have  all 
the  advantages  that  may  be  reasonably  expected 
to  be  attainable  where  there  is  freedom  ? advan- 
tages arising  out  of  a superior  moral  and  religious 
education,  and  also  from  a scientific  education, 
ensuring  better  conduct,  greater  industry  and 
skilled  labour,  and  that  highest  kind  of  skilled 
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labour  which  is  hardly  attainable  without  a 
knowledge  of  the  principles  of  science  ? To 
what  does  the  mother  country  owe  her  superio- 
rity ? Is  it  not  to  the  knowledge,  to  the  skilled 
scientific  labour  alluded  to?  We  witness  it  in 
the  steam-engine  in  its  innumerable  applications, 
which  never  could  have  been  perfected  without 
the  thorough  understanding  of  a principle  in  con- 
nexion with  latent  heat,  which,  at  first  view, 
would  seem  to  have  no  relation  whatever  to  the 
production  of  mechanical  power.  We  witness  the 
same  in  the  chemical  processes  of  manufacture,  so 
various  and  important  — varying  from  the  making 
of  glass,  which,  when  properly  shaped  and  adjusted, 
constitutes  those  admirable  instruments,  the  tele- 
scope and  microscope,  to  the  reduction  and  casting 
of  metals,  whether  to  be  employed  in  the  printing 
type,  that  great  organ  of  literature  and  mental 
power,  or  in  the  formidable  engines  of  war,  the 
protecting,  and,  it  is  to  be  hoped,  as  such,  the 
furthering  means  of  advanced  civilisation  and  of 
civil  liberty. 

I refer  thus  to  skilled  labour  and  its  results,  in 
connexion  with  science,  because  I am  apprehen- 
sive that  in  many  minds  in  the  colonies  there  is  a 
tendency  to  underrate  the  power  and  advantages 
of  science,  arising,  perhaps,  out  of  either  an  im- 
perfect idea  or  vague  notions  of  what  true  science 
is,  viz.  a system  of  exact  knowledge — in  mecha- 
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nics  constituting  mechanical  science ; in  chemistry, 
chemical  science  ; in  agriculture,  agricultural  sci- 
ence;— its  exactness  determining  its  value  and 
power  in  relation  to  its  application  to  the  arts. 
Thus,  that  artist  who  understands  thoroughly  the 
principles  of  the  steam-engine  and  of  the  vacuum- 
pan  is  best  qualified  to  superintend  the  erection  of 
either,  and  their  repair  when  out  of  order : he 
will  have  no  difficulties  to  encounter ; he  will 
be  liable  to  make  no  mistakes.  He  will  not  have 
the  worm  of  a vacuum-pan  removed  to  ensure  its 
safety  from  explosion,  as  I know  has  been  done  by 
an  engineer  unacquainted,  it  may  be  presumed, 
with  the  principles  of  the  apparatus  he  was  highly 
paid  to  have  charge  of.  Thus,  again,  that  sugar- 
boiler  who  possesses  sound  chemical  knowledge, 
and  who  has  made  himself  acquainted  with  the 
composition  and  properties  of  the  juice  of  the  cane, 
is  best  qualified  to  conduct  the  process  of  sugar- 
making, and  to  engage  in  research  for  its  improve- 
ment. In  such  inquiry,  he  will  not  make  experi- 
ments, as  it  were,  in  the  dark,  and  at  random,  but, 
knowing  the  elements  he  has  to  deal  with,  all  the 
trials  he  may  institute  will  be  made  with  a definite 
object  in  view,  and  in  an  orderly  manner.  He 
will  not,  as  we  know  has  been  done,  for  the  pur- 
pose of  clarifying  the  liquor,  add  to  it  the  ashes  of 
the  cane,  introducing  thereby  substances  which, 
if  previously  present,  it  would  be  desirable  to  have 
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removed,  being  of  injurious  quality,  such  as  the 
saline  portion  of  these  ashes.  Much  less  will  he 
consider  himself  under  a spell  — bewitched  — 
should  the  produce  of  sugar  at  any  time  be 
smaller  than  usual,  an  impression,  we  are  told 
by  Baron  von  Humboldt,  not  unfrequently  expe- 
rienced and  expressed  by  the  slave  sugar-boiler  in 
Cuba. 

To  recur  to  the  advantages  of  education  such 
as  I have  alluded  to : — The  abolition  of  slavery  is 
not  in  itself  sufficient  either  to  ensure  the  welfare 
of  the  emancipated  class,  or  of  the  population 
generally ; of  which,  in  the  social  system,  they 
form  so  considerable  a part.  The  uneducated 
free  man  is  a savage,  and,  may  we  not  say,  of  the 
lowest  kind?  Liberty  not  understood,  unrestricted 
by  law,  is  not  deserving  of  the  name.  In  St. 
Domingo  we  have  proof  of  this,  in  the  low  and 
degraded  state,  morally  and  intellectually  consi- 
dered, of  its  coloured  population.  In  our  own 
colonies  we  have  proof,  though,  happily,  in  a less 
degree,  of  the  evils  resulting  from  the  want  of 
proper  training  of  the  minds  of  a large  portion  of 
the  same  class  of  persons,  in  their  dissolute  and 
licentious  manners,  and  addiction  to  vice  produc- 
tive of  crime.  Should  not  then  the  most  strenu- 
ous exertions  be  made  to  educate  the  people,  on 
the  certainty  that  it  is  dangerous  to  leave  them 
uneducated,  and  that  no  considerable  prosperity 
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can  be  attained  unless  the  great  majority  of  them 
are  rendered  worthy  of  it,  by  means  of  a sound 
education  — a mean  also  of  arriving  at  that  pros- 
perity— in  which  attention  shall  be  directed,  at 
the  same  time,  to  morals,  religion,  and  secular 
knowledge,  proportioned,  especially  the  last,  to 
the  wants  of  the  individuals  in  their  several 
grades  ? 

Your  attention,  gentlemen,  will  presently  be 
called,  by  the  Provisional  Committee  of  the  School 
of  Practical  Chemistry,  now  under  the  auspices 
of  His  Excellency  Governor  Peid,  about  to  be 
opened,  to  that  institution.*  Let  me  express  the 
hope,  that  it  will  have  your  support ; that,  ere 
long,  it  will  be  in  active  operation,  and  be  a demon- 
strative example  of  the  benefits  which  science,  in 
its  practical  application,  is  capable  of  conferring. 
Should  it  succeed,  having  commenced  at  a period 
of  peculiar  difficulties,  how  encouraging  it  will  be 
to  attempt  something  more  considerable,  less  li- 
mited— such,  for  instance,  as  a college  for  instruc- 
tion in  the  sciences  generally,  especially  medicine, 
in  connection  with  your  civil  hospital,  — a college 
in  which  the  youth  of  these  islands  may  be  enabled 
to  receive  an  education  qualifying  them,  not  only 
for  those  commonly  called  the  learned  professions, 
but  for  all  others  requiring  for  successful  prosecu- 

* June  24.  1848.  See  p.  xi.  Introduction. 
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tion  the  aids  of  science,  especially  agriculture,  and 
qualifying  those  of  the  African  race  philanthropi- 
cally  disposed  to  become  missionaries  in  their 
aboriginal  country,  and  to  introduce  into  Africa, 
at  the  same  time,  the  humanising  influences  of 
religion  and  science. 

Plans,  I perceive,  are  at  the  present  moment 
benevolently  proposed  for  establishing  colonies 
from  the  West  Indies  on  the  coast  of  Africa,  with 
a view  to  its  civilisation.  Do  not  let  us  forget 
the  interests  of  the  two  countries  — what  is  most 
wanted  in  the  West  Indies,  what  is  most  wanted 
in  Africa,  viz.  labourers  in  the  one,  and  instruc- 
tion in  the  other.  Should  not  then  the  principle 
be  to  augment  the  population  in  the  West  Indies 
by  immigration  from  Africa ; and,  in  return,  to  sup- 
ply to  Africa  missionaries  of  its  own  race,  fitted 
by  constitution  to  bear  the  climate,  and  competent 
by  education  given  here  to  engage  in  the  noble 
attempts  directed  to  the  civilisation  of  their  coun- 
trymen on  their  own  shores  ? Could  this  be  accom- 
plished, then  indeed  a beginning  of  compensation 
would  be  made  to  Africa  for  the  miseries  brought 
on  that  unfortunate  country  by  the  slave  trade, 
and  a well-grounded  hope  might  be  entertained 
how  gradually  that  wicked  and  cruel  trade  may  be 
abolished,  and  that  entirely,  throughout  the  world. 


THE  END. 
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Southey’s  Common-Place  Book  - - 29 

,,  Doctor,  etc.  - - - - 29 

Suitor's  Instructor  (The)  - - - 29 

Summerly’s  Sea  and  Railway  - - - 29 

Sydney  Smith’s  Works  - - - - 28 

Thomson  on  Food  of  Animals,  etc.  - - 30 

Walker’s  Chess  Studies  - - - - 31 

Willoughby’s  (Lady)  Diary  - - - 32 

Zumpt’s  Latin  Grammar  - - - - 32 

NATURAL  HISTORY  IN  CENERAL. 

Catlow’s  Popular  Conchology  8 

Doublcdav’s  Butterflies  and  Moths  - 10 

Gray  and  Mitchell’s  Ornithology  - - 12 

„ „ Accipitres  - - 12 

Kirby  and  Spence’s  Entomology  - - 16 

Lee’s  Taxidermy  -----  18 

,,  Elements  of  Natural  History  - - 18 

hlaunder’s  Treasury  of  Natural  History  22 

Stephens’ British  Beetles  - - - 29 

Swainson  on  the  Study  of  Natural  History  17 
, , Animals  - - - - 17 

„ Quadrupeds  - - - 17 

,,  Birds  - - - 17 

,,  Animals  in  Menageries  - 17 

,,  Fish,  Amphibia,  and  Reptiles  17 

, , Insects  - - - 17 

,,  Malacology  - - - - 17 

,,  Habits  and  Instincts  - - 17 

,,  Taxidermy  - - - - 17 

Turton’s  Shells  of  the  British  Islands  - 31 
Waterton’s  Essays  on  Natural  History  - 32 

Westwood's  Classification  of  Insects  - 32 

NOVELS  AND  WORKS  OF  FICTION. 

Callcott’s  Home  among  Strangers  .-  - 8 

Dunlop’s  History  of  Fiction  - - - 11 

Hall's  Midsummer  Eve  - - - 13 

Lady  Willoughby’s  Diary  - - - 32 

Madame  De  Klalguct  - - - - 21 
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Marryat’s  Masterman  Ready  - - - 21 

„ Privateer’s-Man  - - - 2l 

„ Settlers  in  Canada  - - - 21 

,,  Mission;  or.  Scenes  in  Africa  - 21 
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Loudon’s,  of  Trees  and  Shrubs  - - 19 

,,  of  Gardening  - - - - 19 

,,  of  Agriculture  - - - - 19 

,,  of  Plants  -----  19 
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Ure’s  Arts,  Manufactures,  and  Mines  - 31 
Webster’s  Domestic  Economy  - * 32 
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Aikin’s  (Dr.)  British  Poets  - - - 27 

Chalenor’s  Walter  Gray  - - - - 8 

Collier’s  Roxburghe  Ballads  - - - 9 

Costello’s  Persian  Rose  Garden  - - 9 

Flowers  and  their  Kindred  Thoughts  - 1 1 

Goldsmith’s  Poems,  illustrated  - - 12 

Gray’s  Elegy,  illuminated  - - - 12 

Howitt’s  (Mary)  Ballads  - - - 14 

L.  E.  L.’s  Poetical  Works  - - - 16 
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Mackay’s  English  Lakes  - - - - 20 
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POLITICAL  ECONOMY  AND 
STATISTICS. 

Banfield  and  Weld’s  Statistics  - - 6 

M'Culloch’s  Geographical  Statistical,  and 
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NEW  WORKS  and  NEW  EDITIONS 


PUBLISHED  BY 

Messrs.  LONGMAN,  BROWN,  GREEN,  and  LONGMANS. 


ACTON  (MISS).— MODERN  COOKERY, 

In  all  its  Branches,  red  uced  to  a System  of  Easy  Practice.  For  the  use  of  Private  Families. 
In  a Series  of  Practical  Receipts,  all  of  which  have  been  strictly  tested,  and  are  given  with 
the  most  minute  exactness.  By  Eliza  Acton.  New  Edition,  to  which  are  added,  Directions 
for  Carving.  Foolscap  Svo.  with  Plates  and  Woodcuts,  J *■  6tf.  cloth. 

“ The  whole  of  Mins  Acton's  recipes  ‘ with  a few  trifling  exceptions , which  are  scrupulously 
specified , are  confined  to  such  as  may  be  perjectly  depended  on,  from  having  been  proved 
beneath  our  oxen  roof , and  under  our  own  personal  inspection.'  IVe  add,  moreover,  that  the 
recipes  are  alt  reasonable,  and  never  in  any  instance  extravagant.  They  do  not  bid  us 
sacrifice  ten  pounds  of  excellent  meat,  that  we  may  get  a couple  of  quarts  of  gravy  from  it; 
nor  do  they  deal  with  butter  and  eggs  as  if  they  cost  nothing.  Miss  Acton's  book  is  a good 
book  in  every  way  ; there  is  right-mindedness  in  every  page  of  it,  as  well  as  thorough  know- 
ledge and  experience  of  the  subjects  she  handles."—  Medical  Gazette. 

ABERCROMBIE.— ABERCROMBIE’S  PRACTICAL  GARDENER,  AND 

IMPROVED  SYSTEM  OF  MODERN  HORTICULTURE,  alphabetically  arranged.  New 
Edition,  with  an  Introductory  Treatise  onVegetable  Physiology;  and  Plates  by  W.  Salisbury. 
12mo.  6s.  boards. 


ABERCROMBIE  AND  MAIN.— THE  PRACTICAL  GARDENER’S  COM- 
PANION; Or,  Horticultural  Calendar:  to  which  is  added,  the  Garden-Seed  and  Plant 
Estimate.  Edited,  from  a MS.  of  J .Abercrombie,  by  J.  Main.  New  Edition.  32mo.2».6rf.  sewed. 

ALLAN  (J.  H)— A PICTORIAL  TOUR  IN  THE  MEDITERRANEAN; 

Comprising  Malta,  Dalmatia,  Turkey,  Asia  Minor,  Grecian  Archipelago,  Egypt,  Nubia, 
Greece,  Sicily,  Italy,  and  Spain.  J.H.  Allan.  New  Edition.  Imperial 4to.  with  upwards  of 
40  lithographed  Drawings,  and  JO  Wood  Engravings,  31.  3s.  cloth. 


AMY  HERBERT. 

By  a Lady.  Edited  by  the  Rev.  William  Sewell, B.D.  of  Exeter  College, Oxford.  New 
Edition.  2 vols.  foolscap  Svo.  9».  cloth. 

ANDERSEN.— THE  TRUE  STORY  OF  MY  LIFE; 

A Sketch.  By  Hans  Christian  Andersen,  author  of  "The  Shoes  of  Fortune,’’  “The 
Nightingale,’’  “ O.  T.,”  “ Only  a Fiddler,’’  “The  Improvisatore,”  etc.  Translated  by  Mary 
Howitt.  Fcp.  8vo.  5s.  cloth. 

ARTISAN  CLUB  (THE).— A TREATISE  ON  THE  STEAM-ENCINE. 

In  its  application  to  Mines,  Mills,  Steam  Navigation,  and  Railways.  By  the  Artisan  Club. 
Edited  by  John  Bourne,  C.E.  New  Edition.  4to.  with  30  Steel  Plates,  etc.,  and  about 
330  Wood  Engravings,  2 J*.  cloth. 

BAKER.— RAILWAY  ENGINEERING; 

Containing  the  most  approved  Methods  of  laying  out  Railw’ay  Curves,  and  of  setting  out  the 
Cuttings,  Embankments,  and  Tunnels  of  Railways:  with  aGenera!  and  two  Auxiliary  Tables, 
for  the  Calculation  of  Earthworks  of  Railways,  Canals,  etc.  Also,  the  Investigation  of  the 
Formula  for  the  Superelevation  of  the  exterior  Rail  in  Curves.  By  T.  Baker,  Surveyor  and 
Civil  Eugiuccr.  8vo.  5s.  cloth. 


BAKEWELL.— AN  INTRODUCTION  TO  CEOLOCY. 

Intended  to  convey  Practical  Knowledge  of  the  Science,  and  comprisingthe  most  important 
recent  Discoveries.  By  Robert  Bakewcll.  Fifth  Edition,  Svo.  with  Plates  aud  Woodcuts, 
21s. cloth. 
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BALL.— AN  ACCOUNT  OF  THE  CULTIVATION  AND  MANUFACTURE 

OF  TEA  IN  CHINA:  derived  from  Personal  Observation  during;  an  Official  Residence  in 
that  Country  of  upwards  of  Twenty  Years  ; and  illustrated  by  the  best  Authorities,  Chinese 
as  well  as  European.  With  some  Remarks  on  the  Experiments  now  making;  for  the  Intro- 
duction of  the  Culture  of  the  Tea  Tree  in  other  parts  of  the  World.  By  S.  Ball,  Esq.  late 
Inspector  of  Teas  to  the  East  India  Company  in  China.  8vo.  with  Plates  and  Woodcuts, 
14s.  cloth. 


BANFIELD  AND  WELD.— THE  STATISTICAL  COMPANION; 

Exhibiting  the  most  interesting  Facts  in  Moral  and  Intellectual,  Vital,  Economical,  and 
Political  Statistics,  at  home  and  abroad . Compiled  from  Official  and  other  authentic  Sources, 
by  T.  C.  Banfield,  Statistical  Clerk  to  the  Council  of  Education;  and  C.  R.  Weld,  Assistant 
Secretary  to  the  Royal  Society.  Foolscap  Svo.  5s.  cloth. 

BARRETT.— A SYNOPSIS  OF  CRITICISMS 

Upon  those  Passages  of  the  Old  Testament  in  which  Modern  Commentators  have  differed 
from  the  Authorized  Version:  together  with  an  Explanation  of  various  Difficulties  in  the 
Hebrew  and  English  Texts.  By  the  Rev.  Richard  A.  F.  Barrett,  M.A.  Fellow  of  King’s 
College,  Cambridge.  Vols.  I.  and  II.  Svo.  28s.  each  cloth;  or  in  4 Half-vols.  14s.  each. 
Also,  Half-vol.  V.  14s. 

BAYLDON.-THE  ART  OF  VALUING  RENTS  AND  TILLAGES, 

And  the  Tenant’s  Right  of  Entering  and  Quitting  Farms,  explained  by  several  Specimens  of 
Valuations;  and  Remarks  on  the  Cultivation  pursued  on  Soils  in  different  Situations. 
Adapted  to  the  Use  of  Landlords,  Land-Agents,  Appraisers,  Farmers,  and  Tenants.  By 
J.  S.  Bayldon.  New  Edition,  corrected  and  revised  by  John  Donaldson.  8vo.  10s.  6cf.  cloth. 

BAYLIS.— THE  ARITHMETIC  Of'  ANNUITIES  AND  LIFE  ASSURANCE; 

Or,  Compound  Interest  simplified.  Explaining  the  Value  of  Annuities,  certain  or  contingent 
on  One  or  Two  Lives,  and  the  Values  of  Assurances  in  Single  and  Annual  Payments  ; and 
comprehending  Leases,  Pensions,  Freeholds,  and  Reversionary  Sums,  etc.  By  Edward 
Baylis.  Svo.  5s.  cloth. 

BEDFORD  CORRESPONDENCE.— CORRESPONDENCE  OF  JOHN, 

FOURTH  DUKE  OF  BEDFORD,  selected  from  the  Originals  at  Woburn  Abbey,  (1742-70). 
With  Introductions  by  Lord  John  Russell.  3 vols.  8vo.  43s.  cloth. 

*,*  Vol.I.  (1742-48),  18s.;  Vol.  IT.  (1749-60),  17s.;  Vol.IlI.  (1761-70) , 15s. 

BLACK  PRINCE.— A RECORD  OF  THE  BLACK  PRINCE; 

Being  some  of  the  most  striking  Passages  of  his  Life— in  the  Words  of  his  Chroniclers, 
selected  more  especially  from  the  records  of  his  contemporary  Froissart,  in  the  quaint  and 
spirited  translation  made  by  Lord  Berners  for  King  Henry  VIII.  Post  Svo. , printed  in  black 
letter,  embellished  with  Illuminated  Borders  aud  Miniatures,  and  bound  in  imitative 
carving.  [/«  the  press. 

BLACK.— A PRACTICAL  TREATISE  ON  BREWING. 

Based  on  Chemical  and  Economical  Principles : with  Formula:  for  Public  Brewers,  and 
Instructions  for  Private  Families.  By  William  Black.  Third  Edition,  revised  and  cor- 
rected, with  considerable  Additions.  Svo.  10s.  6 d.  cloth. — Also, 

SUPPLEMENT,  of  REMARKS  on  BAVARIAN  BEER,  etc.  8vo.  2».  6 d.  sewed. 

BLAINE.— AN  ENCYCLOP/EDIA  OF  RURAL  SPORTS; 

Or,  a complete  Account,  Historical,  Practical,  and  Descriptive,  of  Hunting,  Shooting,  Fisning, 
Racing,  and  other  Field  Sports  and  Athletic  Amusements  of  the  present  day.  By  Delabere 
P.  Blaine,  Esq.,  author  of  “Canine  Pathology,”  etc.  With  nearly  600  Engravings  ou 
Wood,  by  R.  Branston,  from  Drawings  by  Aiken,  T.  Landseer,  Dickes,  etc.  Svo.  50s.  cloth. 

BLAIR’S  CHRONOLOGICAL  AND  HISTORICAL  TABLES, 

From  the  Creation  to  the  present  Time : with  Additions  and  Corrections  from  the  most  authen- 
tic Writers  ; including  the  Computation  of  St.  Paul,  as  connecting  the  Period  from  the 
Exode  to  the  Temple.  Under  the  revision  of  Sir  Henry  Ellis,  K.  H.,  Principal  Librarian  of 
the  British  Museum.  Imperial  Svo.  31s.  6rf.  half-bound  morocco. 

BLESSINGTON.— FUGITIVE  FANCIES. 

By  the  Countess  of  Blessington.  Fcap.  8vo.  [7n  the  press. 

BLOOMFIELD— THE  HISTORY  OF  THE  PELOPONNESIAN  WAR. 

By  Thucydides.  A New  Recension  of  the  Text,  with  a carefully  amended  Punctuation ; and 
copious  Notes,  Critical,  Philological,  and  Explanatory,  almost  entirely  original,  but  partly 
selected  and  arranged  from  the  best  Expositors  : accompanied  with  full  Indexes.  Illus- 
trated by  Maps  and  Plans.  By  the  Rev.  S.T.  Bloomfield,  D.D.  F’.S.A.  2 vols.  8vo.  38s.  cloth. 
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BLOOMFIELD.— THE  HISTORY  OF  THE  PELOPONNESIAN  WAR. 

By  Thucydides.  Translated  into  English,  and  accompanied  with  very  copious  Notes, 
Philological  and  Explanatory,  Historical  and  Geographical.  By  the  Rev.S.  T.  Bloomfield, 
D.D.  F.S.A.  3 vols.  8vo.  with  Maps  and  Plates,  21.  os.  boards. 

BLOOMFIELD.— THE  GREEK  TESTAMENT  : 

With  copious  English  Notes,  Critical,  Philological,  and  Explanatory.  Formed  for  the  use 
of  advanced  Students  of  Divinity  and  Candidates  for  Holy  Orders.  By  the  Rev.  S.  T. 
Bloomfield,  D.D.  F.S.A.  New  Edition.  2 vols.  8vo.  with  a Map  of  Palestine,  40s.  cloth. 


BLOOMFIELD. —THE  GREEK  TESTAMENT  FOR  COLLEGES  AND 

SCHOOLS  ; with  shorter  English  Notes,  Critical,  Philological,  and  Explanatory.  By  the 
Rev.  S.  T.  Bloomfield,  D.D.  New  Edition,  enlarged,  with  a New  Map  and  an  Index. 
FooUcap  8vo.  10s.  6d.  cloth. 

BLOOMFIELD.— CREEK  AND  ENGLISH  LEXICON  TO  THE  NEW 

TESTAMENT:  especially  adapted  to  the  use  of  Colleges,  and  the  Higher  Classes  in  Public 
Schools;  but  also  intended  as  a convenient  Manual  for  Biblical  Students  in  general.  By 
Dr.  Bloomfield.  New  Edition,  improved.  Foolscap  8vo.  10s.  G d.  cloth. 

BORRER.— NARRATIVE  OF  A CAMPAIGN  WITH  A FRENCH  COLUMN, 

under  Marechal  Bugeaud,  directed  against  the  Kabiles  of  Algeria  : together  with  an  Account 
of  the  Adventures  of  M.  Suchet  in  search  of  the  Camp  of  the  Emir  Abd-el-Kader.  By 
Dawson  Borrer,  F.R.G.S.  Meinbre  Correspondant  de  la  Socicte  Orieutale  a Paris,  author  of 
“A  Journey  front  Naples  to  Jerusalem.”  Post  Svo.  [Nearly  ready . 

BOSANQUET.— CHRONOLOGY  OF  THE  TIMES  OF  DANIEL,  EZRA, 

AND  NEHEMIAH,  considered  with  the  viewof  correcting  an  Error  of  Thirty-three  Years 
in  the  received  Chronology  between  the  Capture  of  Jerusalem  by  Nebuchadnezzar  and  the 
Birth  of  Christ.  Leading  to  an  Explanation  of  the  Prophecy. of  the  Seventy  Weeks,  the 
Recovery  of  the  lost  Era  of  the  Jubilee,  and  the  Rectification  of  several  important  Dates  iu 
Scripture  Chronology.  By  J.  Whatman  Bosanquet,  Esq.  Parti.  Svo.  8s.  6d.  cloth. 

BRANDE.— A DICTIONARY  OF  SCIENCE,  LITERATURE,  AND  ART; 

Comprising  the  History,  Description,  and  Scientific  Principles  of  every  Branch  of  Human 
Knowledge  ; with  the  Derivation  and  Definition  of  all  the  Terms  in  general  use.  Edited  by 
W.  T.  Brande,F.R.S.L.and  E.;  assisted  by  Dr.J.  Cauvin.  Svo.  with  Woodcuts,  3 l.  cloth. 

BUDGE  (J.)— THE  PRACTICAL  MINER’S  GUIDE. 

Comprising  a Set  of  Trigonometrical  Tables  adapted  to  all  the  purposes  of  Oblique  or 
Diagonal,  Vertical,  Horizontal,  and  Traverse  Dialling;  with  their  application  to  the  Dial, 
Exercise  of  Drifts,  Lodes,  Slides,  Levelling,  Inaccessible  Distances,  Heights,  etc.  By 
J.  Budge.  New  Edition,  enlarged.  Svo.  with  Portrait,  12s.  cloth. 

BULL.— HINTS  TO  MOTHERS, 

For  the  Management  of  Health  during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room; 
with  an  Exposure  of  Popular  Errors  in  connexion  with  those  subjects.  By  Thomas  Bull,  M.D. 
New  Edition,  revised  and  considerably  enlarged.  Foolscap  Svo.  7s.  cloth. 

BULL.-THE  MATERNAL  MANAGEMENT  OF  CHILDREN, 

In  HEALTH  and  DISEASE.  By  Thomas  Bull,  M.D.  Physician  Accoucheur  to  the  Finsbury 
Midwifery  Institution,  etc.  New  Edition,  revised  and  enlarged.  Foolscap  Svo.  5 s.  cloth. 

BUNSEN.— THE  CONSTITUTION  OF  THE  CHURCH  OF  THE  FUTURE. 

A practical  Explanation  of  the  Correspondence  with  the  Right  Hon.  William  Gladstone, 
on  the  German  Church,  Episcopacy,  and  Jerusalem.  With  a Preface,  Notes,  and  the  com- 
plete Correspondence.  By  the  Chevalier  C.  C.  J.  Bunsen,  Ph.D.,  D.C.L.  Translated  under 
the  superintendence  of  and  with  additions  by  the  Author.  Post  Svo.  9s.  6 d.  cloth. 

BUNSEN.— EGYPT’S  PLACE  IN  UNIVERSAL  HISTORY: 

An  Historical  Investigation,  in  Five  Books.  By  C.  C.  J.  Bunsen,  D.  Ph.and  D.C.L.  Trans- 
lated from  the  German,  by  C.  H.  Cottrell,  Esq.  M.A.  Vol.  I.  containing  the  First  Book,  or 
Sources  and  Primeval  Facts  of  Egyptian  History:  with  an  Egyptian  Grammar  and  Dictionary, 
and  a complete  List  of  Hieroglyphical  Signs;  an  Appendix  of  Authorities,  embracing  the 
completeText  of  Manetho  and  Eratosthenes,  /Egyptiaca  from  Pliny,  Strabo,  etc. ; and  Plates 
representing  the  Egyptian  Divinities.  8vo.  with  numerous  Illustrations,  28s.  cloth, 

BURDER.— ORIENTAL  CUSTOMS, 

Applied  to  Ae  Illustration  of  the  Sacred  Scriptures.  By  Dr.  Samuel  Burder,  New 
Edition,  with  Additions.  Foolscap  8vo.  8».  6 d.  cloth. 
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BURNS.— THE  PRINCIPLES  OF  CHRISTIAN  PHILOSOPHY; 

Containing;  the  Doctrines,  Duties,  Admonitions,  and  Consolations  of  the  Christian  Religion. 
By  John  Burns,  M.D.F.R.S.  6th  Edition.  Foolscap  8vo.  6*.  6<f.  cloth. 

BURNS.— CHRISTIAN  FRAGMENTS; 

Or.  Remarks  on  the  Nature,  Precepts,  and  Comforts  of  Religion.  By  John  Burns,  M.D. 
F.R.S.  Foolscap  8vo.  5s.  cloth. 

BUTLER.— A SKETCH  OF  MODERN  AND  ANCIENT  CEOCRAPHY. 

By  Samuel  Butler,  D.D.,  late  Lord  Bishop  of  Lichfield  and  Coventry;  and  formerly  Head 
Master  of  Shrewsbury  School.  New  Edition,  revised  by  the  Author's  Sou.  8vo.  9*.  boards. 

BUTLER.— AN  ATLAS  OF  MODERN  CEOCRAPHY. 

Consisting  of  Twenty-three  coloured  Maps,  from  a New  Set  of  Plates;  with  an  Index  of 
all  the  Names  of  Places,  referring  to  the  Latitudes  and  Longitudes.  By  the  late  Dr.  Butler, 
Bishop  of  Lichfield.  New  Edition,  corrected.  8vo.  12*.  half-bound. 

BUTLER.— AN  ATLAS  OF  ANCIENT  CEOCRAPHY. 

Consisting  of  Twenty-three  coloured  Maps:  with  an  Index  of  all  the  Names  of  Places, 
referring  to  the  Latitudes  and  Longitudes.  By  the  late  Dr.  Butler,  Bishop  of  Lichfield. 
New  Edition,  corrected.  Svo.  12*.  half-bound. 

BUTLER.— A GENERAL  ATLAS  OF  MODERN  AND  ANCIENT  CEOCRAPHY. 

Consisting  of  Forty-five  coloured  Maps,  and  copit  us  I ndices  referring  to  the  Latitudes  and 
Longitudes.  By  the  late  Dr.  Butler,  Bishop  of  Lichfield.  New  Edition,  from  an  entirely 
new  and  corrected  set  of  Plates.  4to.24*.  half-b.-und. 

CABINET  LAWYER  (THE). 

A Popular  Digest  of  the  Laws  of  England,  Civil  and  Criminal  ; with  a Dictionary  of  Law 
Terms,  Maxims,  Statutes,  and  Judicial  Antiquities  ; Correct  Tables  of  Assessed  Taxes,  Stamp 
Duties,  Excise  Licences,  and  Post-Horse  Duties;  Post-Office  Regulations,  and  Prison 
Discipline.  Fourteenth  Edition,  enlarged,  and  corrected  throughout,  with  the  Legal 
Decisions  and  Statutes  to  Michaelmas  Term,  10  and  11  Victoria.  Fcap.  8vo.  lOr.Cd.  cloth. 

CALLCOTT.— HOME  AMONG  STRANGERS: 

A Tale.  By  Maria  Hutchins  Callcott.  2 vols.  fcap.  8vo.  9*.  cloth. 

CALLCOTT.— A SCRIPTURE  HERBAL: 

With  upwards  of  120  Wood  Engravings.  By  Lady  Callcott.  Square  crown8vo.  If. 5*. cloth. 

CAREY.— THE  PAST,  THE  PRESENT,  AND  THE  FUTURE. 

By  H.  C.  Carey,  author  of  “ The  Principles  of  Political  Economy, ” etc.  8vo.  10*.  6 d.  cloth. 

CARTOONS. -THE  PRIZE  CARTOONS  EXHIBITED  IN  WESTMINSTER- 

HALL,  Published  under  the  Sanction  and  Patronage  of  Her  Majesty’s  Commissioners  on 
the  Fine  Arts.  Eleven  large  folio  Engravings,  in  a neat  Portfolio,"  51.  5*. ; Proofs  before 
letters,  81.  8s. 

CATLOW. — POPULAR  CONCHOLOCY; 

Or,  the  Shell  Cabinet  arranged  : being  an  Introduction  to  themodern  System  ofConchology; 
with  a sketch  of  the  Natural  History  of  the  Animals,  an  account  of  the  Formation  of  the 
Shells,  and  a complete  Descriptive  List  of  the  Families  and  Genera.  By  Agnes  Catlow. 
Foolscap  8vo.  with  312  Woodcuts,  10*.  6 d.  cloth. 

CHALENOR.— WALTER  CRAY, 

A Ballad,  and  other  Poems.  By  Mary  Chalenor.  2d  Edition,  with  Additions,  including  the 
Author’s  Poetical  Remains.  F'cap.  Svo.  6*.  cloth. 

THE  CLOSING  SCENE; 

Or,  Christianity  and  Infidelity  contrasted  in  the  Last  Hours  of  Remarkable  Persons.  By  the 
Author  of  “ The  Bishop’s  Daughter,”  “Self-Sacrifice,”  “The  Life-Book  of  a Labourer,” 
etc.  Fcap.  Svo.  6*.  cloth. 

COCKS  (C.) — BORDEAUX,  ITS  WINES,  AND  THE  CLARET  COUNTRY. 

By  C.  Cocks,  B.L.,  Professor  of  the  Living  Languages  in  the  Royal  Colleges  of  France; 
Translator  of  the  Works  of  Michelet,  Mignet,  and  Quiuct.  Post  8vo.  8*.  6 d.  cloth. 


COLLEGIAN’S  GUIDE  (THE) ; 

Or,  Recollections  of  College  Days;  setting  forth  the  Advantages  and  Temptations  of  a 
University  Education.  By  the  Rev.  James  Pycroft,  M.A.  Post  Svo.  10*.  6d.  cloth. 
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COLLIER  (J.  PAYNE.)— A BOOK  OF  ROXBURCHE  BALLADS- 

Edited  by  John  Payne  Collier,  Esq.  Kcap.  4to.  with  Woodcuts,  21*.  boards;  morocco,  3S*. 

COLTON— LACON;  OR,  MANY  THINGS  IN  FEW  WORDS. 

By  the  Rev.  C.  C.  Colton.  New  Edition.  8YO.12s.dotk. 

CONVERSATIONS  ON  BOTANY. 

New  Edition, improved.  FooiscapSvo.with  22  Plates,  /*.  6 d.  cloth ; with  coloured  Plates, 12*. 

CONVERSATIONS  ON  MINERALOGY. 

With  Plates,  engraved  by  Mr.  and  Mrs.  Low-y,  from  Original  Drawings.  Third  Edition, 
enlarged.  2 vols.  foolscap  8vo.  14s.  cloth. 

CONYBEARE  AND  HOWSON.— THE  LIFE  AND  LETTERS  OF  ST.  PAUL; 

comprising  a complete  Biography  of  the  Apostle,  and  a Paraphrastic  Translation  of  his 
Epistles  inserted  in  Chronological  order.  Edited  by  the  Rev.  W.  J.  Conybeare,  M.A.  late 
Fellow  of  Trinity  College,  Cambridge;  and  the  Rev.  J . S.  Howson,  M. A.  Principal  of  the 
Collegiate  Institution,  Liverpool.  4to.  richly  illustrated  by  Maps,  Views,  Engravings  of 
Coins,  etc.  [/n  { he  press. 

COOPER  (THE  REV.  E.)— PR ACTICAL  AND  FAMILIAR  SERMONS, 

Designed  for  Parochial  and  Domestic  Instruction.  By  the  Rev.  Edward  Cooper.  New  Edi- 
tions. 7 vols.  12mo.  If.  18*.  boards. 

COOPER  (THE  REV.  E.)-SERMONS, 

Chiefly  designed  to  elucidate  some  of  the  leading  Doctrines  of  the  Gospel.  By  the  Rev.  Edward 
Cooper.  New  Edition.  2 vols.  12mo.  10s.  boards. 

COPLAND.— A DICTIONARY  OF  PRACTICAL  MEDICINE; 

Comprising  General  Pathology,  the  Nature  and  Treatment  of  Diseases,  Morbid  Structures, 
and  the  Disorders  especially  incidental  to  Climates,  to  Sex,  and  to  the  different  Epochs  of 
Life,  with  numerous  approved  Formulae  of  the  Medicines  recommended.  By  James  Copland, 
M.D.,  etc.  etc.  Vols.  i.  and  II.,  8vo.  3L  cloth  ; and  Parts  X.  to  XIII.  4s.  6 d.  each. 

COQUEREL.— CHRISTIANITY; 

Its  perfect  adaptation  to  the  Mental,  Moral,  and  Spiritual  Nature  of  Man.  By  Athanase 
Coquerel,  one  of  the  Pastors  of  the  French  Protestant  Church  in  Paris.  Translated  by  the 
Rev.  D.  Davison,  M.A.  With  an  Introductory  Notice  of  the  State  of  the  Protestant  Church 
of  France,  written  by  the  Author  for  the  English  Edition.  Post  8vo.  12s.  cloth. 

COSTELLO  (MISS).— THE  ROSE  CARDEN  OF  PERSIA. 

A Series  of  Translations  from  the  Persian  Poets.  By  Louisa  Stuart  Costello,  author 
of  “Specimens  of  the  Early  Poetry  of  France,”  etc.  Long  8vo.  with  12  Illuminated 
Titles,  and  Borders  printed  in  Colours,  18s.  boards;  or  31s.  6d.  morocco. 

COSTELLO  (MISS)— FALLS;  LAKES,  AND  MOUNTAINS  OF  NORTH 

WALES;  being  a Pictorial  Tour  through  the  most  interesting  parts  of  the  Country.  By 
Louisa  Stuart  Costello,  author  of  “The  Rose  Garden  of  Persia,”  etc.  Profusely  illustrated 
with  Views,  from  Original  Sketches  by  D.  H.  M'Kewan,  engraved  on  wood,  and  litho- 
graphed, by  T.  and  E.  Gilks.  Square  8vo.  with  Map,  14s.  cloth. 

COULTER.— ADVENTURES  ON  THE  WESTERN  COAST  OF  SOUTH 

AMERICA  AND  IN  THE  INTERIOR  OF  CALIFORNIA.  Including  a Narrative  of  Inci- 
dents at  the  Kingsmill  Islands,  New  Ireland,  New  Britain,  New  Guinea,  and  other  Islands 
in  the  Pacific  Ocean.  With  an  Account  of  the  Natural  Productions,  and  the  Manners  and 
Customs,  in  Peace  and  War,  of  the  various  Savage  Tribes  visited.  By  John  Coulter,  M.D. 
author  of  “Adventures  in  the  Pacific.”  2 vols.  postSvo.  16s.  cloth. 

COULTER.— ADVENTURES  IN  THE  PACIFIC; 

With  Observations  on  the  Natural  Productions,  Manners  and  Customs  of  the  Natives  of  the 
various  Islands  ; Remarks  on  the  Missionaries,  British  and  other  Residents,  etc.  By  John 
Coulter,  M.D.  Post  8vo.  7*.  6 d.  cloth. 

COULTON.— AN  INQUIRY  INTO  THE  AUTHORSHIP  OF  THE  LETTERS 

OF  JUNIUS.  By  David  Trevena  Coulton.  4to.  [/n  November. 

CRESY  (E.)-AN  ENCYCLOP/EDIA  OF  CIVIL  ENCINEERINC,  HISTORICAL, 

THEORETICAL,  and  PRACTICAL.  By  Edward  Cresy,  F.S.A.  C.E.  Illustrated  by  upwards 
of  Three  Thousand  Engravings  on  Wood,  explanatory  of  the  Principles,  Machinery,  and  Con- 
structions which  come  under  the  Direction  of  the  Civil  Engineer.  One  large  Volume 
8vo.  upwards  of  1,600  pages,  3/.  13*.  6<f.  cloth. 
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CROCKER’S  ELEMENTS  OF  LAND  SURVEYING. 

Fifth  Edition,  corrected  throughout,  and  considerably  improved  and  modernised,  by 
T.  G.  Bunt,  Land  Surveyor,  Bristol.  To  which  are  added,  TABLES  OF  SIX-FIGURE 
LOGARITHMS,  etc.,  superintended  by  RichardFarley,of  the  Nautical  Almanac  Establish- 
ment. Post  8vo.  12s.  cloth. 

D’AGINCOURT.— THE  HISTORY  OF  ART, 

By  its  Monuments,  from  its  Decline  in  the  Fourth  Century  to  its  Restoration  in  the  Six- 
teenth. Translated  from  the  French  of  Seroux  D’Agincourt,  by  Owen  Jones,  architect. 
With  3,335  Subjects,  engraved  on  328  Plates.  Vol.  I.  Architecture,  73  plates;  vol.  II. 
Sculpture,  51  plates;  vol.  III.  Painting,  204  plates.  3 vols.  royal  folio,  51. 5s.  sewed. 

DALE  (THE  REV.  THOMAS). —THE  DOMESTIC  LITURGY  AND 

FAMILY  CHAPLAIN,  in  Two  Parts:  the  First  Part  being  Church  Services  adapted  for 
Domestic  Use,  with  Prayers  for  every  Day  of  the  Week,  selected  exclusively  from  the  Book 
of  Common  Prayer.  Part  II.  comprising  an  appropriate  Sermon  for  every  Sunday  in  the 
Year.  By  the  Rev.  Thomas  Dale,  M.A.  Vicar  of  St.  Pancras.  Post  4to.  21  s.  cloth : or, 
bound  by  Hayday,  31s.  6 d.  calf  lettered  ; 50s.  morocco. 

DAVY  (SIR  HUMPHRY).-ELEMENTS  OF  AGRICULTURAL  CHEMISTRY 

in  a Course  of  Lectures.  By  Sir  Humphry  Davy.  With  Notes  by  Dr.  John  Davy. 
New  Edition.  8vo.  with  10  Plates, 15s.  cloth. 

DE  JAENISCH  AND  WALKER.-DE  JAENISCH’S  CHESS  PRECEPTOR: 

A New  Analysis  of  the  Openings  of  Games.  By  C.  F.  De  Jaenisch,  of  St.  Petersburgh. 
Translated  from  the  French,  with  copious  Notes,  by  G.  Walker, author  of  “Chess  Studies,’’ 
and  various  other  Works  on  the  Game  of  Chess.  8vo.  15s.  cloth. 

DE  LA  BECHE.- REPORT  ON  THE  GEOLOGY  OF  CORNWALL,  DEVON, 

AND  WEST  SOMERSET.  By  Henry  T.  De  la  Beche,  F.R.S.  etc..  Director  of  the  Orduance 
Geological  Survey.  Published  by  Order  of  the  Lords  Commissioners  of  H.  M.  Treasury. 
Svo.with  Maps,  Woodcuts,  and  121arge  Plates,  14s. cloth. 

DE  LA  GRAVIERE.— SKETCHES  OF  THE  LAST  NAVAL  WAR. 

Translated  from  the  French  of  Captain  E.  Jurien  de  laGravifere,  with  an  Introduction,  and 
Explanatory  Notes.  By  the  Hon.  Captain  Plunkett,  R.  N.,  author  of  “ The  Past  and  Future 
of  the  British  Navy.”  2 vols.  post  8vo.  with  Plans,  18s.  cloth. 

DE  STRZELECKI  (P. E.)—  PHYSICAL  DESCRIPTION  OF  NEW  SOUTH 

WALES  AND  VAN  DIEMAN’S  LAND.  Accompanied  by  a Geological  Map,  Sections, 
and  Diagrams,  and  Figures  of  the  Organic  Remains.  By  P.  E.  De  Strzelecki.  8vo.  with 
coloured  Map  and  numerous  Plates,  24s.  cloth. 

DIBDIN  (THE  REV.  T.  F.)-THE  SUNDAY  LIBRARY: 

Containing  nearly  One  hundred  Sermons  by  eminent  Divines.  With  Notes,  etc.  by  the 
Rev.  T. F.^Dibdin,  D.D.  6 vols.  foolscap  8vo.  with 6 Portraits,  30s.  cloth;  neatly  half-bound 
in  morocco,  with  gilt  edges,  21. 12 s.  6 d. 

DISCIPLINE. 

By  the  Author  of  “Letters  to  my  Unknown  Friends,”  “Twelve  Years  Ago,”  and  “ Some 
Passages  from  Modern  History.”'  18mo.2s.  cloth. 

DOUBLEDAY  AND  HEWITSON’S  BUTTERFLIES.— THE  GENERA  OF 

DIURNAL  LEPIDOPTERA  ; comprising  their  Generic  Characters— a Notice  of  the  Habits 
and  Transformations — and  a Catalogue  of  the  Species  of  each  Genus.  By  Edward  Double- 
day, Esq.  F.L.S.  etc.,  Assistant  in  the  Zoological  Department  of  the  British  Museum.  Im- 
perial 4to.  uniform  with  Gray  and  Mitchell’s  Ornithology;  illustrated  with  J5  coloured  Plates, 
by  W.  C.  Hewitson,Esq.  Author  of  “British  Oology.” 

%*  Publishing  in  Monthly  Parts,  5s.  each;  each  Part  consisting  of  two  coloured  Plates,  with 
accompanying  Letter-press.  To  be  completed  in  not  exceeding  40  Parts,  22  of  which  are 
now  ready. 

DRESDEN  GALLERY.— THE  MOST  CELEBRATED  PICTURES  OF  THE 

ROYAL  GALLE11Y  at  DRESDEN,  drawn  on  Stone,  from  the  Originals,  by  Franz 
Hanfstaengel  : with  Descriptive  and  Biographical  Notices,  in  French  and  German.  Nos.  I. 
to  LIL,  imperial  folio,  each  containing  3 Plates  with  accompanying  Letter-press,  price 
20s.  to  Subscribers;  to  Non-subscribers,  30s.  Single  Plates,  12s.  each. 

To  be  completed  in  8 more  numbers,  price  20s.  each , to  Subscribers;  Nos.  LI.  to  LX. 
containing  each  4 Plates  and  Letterpress. 

DUNLOP.— TRAVELS  IN  CENTRAL  AMERICA. 

With  a Journal  of  nearly  Three  Years’  Residence  in  the  Country.  To  which  are  added,  a 
Sketch  of  the  History  of  the  Republic,  and  an  Account  of  its  Climate,  Productions,  Com- 
merce, etc.  By  Robert  Glasgow  Dunlop,  Esq.  Post  8vo.  with  Map,  10s.  6 d.  cloth. 
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DUNLOP  (JOHN).— THE  HISTORY  OF  FICTION: 

Being  a Critical  Account  of  the  most  celebrated  Prose  Works  of  Fiction,  from  the  earliest 
Greek  Romances  to  the  Novels  of  the  Present  Age.  By  John  Dunlop.  NewEdition,  com- 
plete in  One  Volume.  Medium  8vo.  15*.  cloth. 

EASTLAKE.— MATERIALS  FOR  A HISTORY  OF  OIL  PAINTING. 

By  Charles  Lock  Eastlakc,  Esq.  R.A.  F.R.S.  F.S.A.  Secretary  to  the  Royal  Commission  for 
Promoting  the  Fine  Arts  in  connexion  with  the  rebuilding  of  the  Houses  of  Parliament,  etc. 
8vo.  16*.  cloth. 

ECCLESTON  (JAMES) .—AN  INTRODUCTION  TO  ENCLISH  ANTIQUITIES. 

Intended  as  a Companion  to  the  History  of  England.  By  James  Eccleston,  B.A.  Head 
Master  of  Sutton  Coldfield  Grammar  School.  Svo.  with  numerous  Engravings  on  Wood, 
21*.  cloth. 

ELLIOTSON.— HUMAN  PHYSIOLOGY: 

With  which  is  incorporated  much  of  the  Elementary  Part  of  the  “Institutiones  Physiologic*” 
of  J.  F.  Blumenbach,  Professor  in  the  University  of  Gottingen.  By  John  Elliotson,  M.D. 
Cantab.  F.R.S.  Fifth  Edition,  8vo.  with  numerous  Woodcuts,  21.2*.  cloth. 

THE  ENGLISHMAN’S  CREEK  CONCORDANCE  OF  THE  NEW  TESTA- 
MENT; being  an  attempt  at  a Verbal  Connexion  between  the  Greek  and  the  English 
Texts  ; including  a Concordance  to  the  Proper  Names,  with  Indexes,  Greek-English 
and  English-Greek.  2d  Edition,  carefully  revised,  with  a new  Index,  Greek  and  English. 
Royal  Svo.  42*. 

THE  ENGLISHMAN’S  HEBREW  AND  CHALDEE  CONCORDANCE  OF 

THE  OLD  TESTAMENT;  being  an  attempt  at  a Verbal  Connexion  between  the  Original 
and  the  English  Translations : with  1 ndexes,  a List  of  the  ProperNames  and  their  occur- 
rences, etc.  etc.  2 vols.  royal  Svo.  31.  13*.  6d.  cloth  ; large  paper,  41.  14*.  6 d. 

EPHEMERA.— A HAND-BOOK  OF  ANCLING  ; 

Teaching  Fly  Fishing,  Trolling,  Bottom  Fishing,  and  Salmon  Fishing.  With  the  Natural 

I History  of  itiver  Fish,  and  the  best  Modes  of  Catching  them.  By  Ephemera  (of  Bull's 

Life  in  London),  NewEdition.  Foolscap  8vo.  with  Wood  Engravings,  9*.  cloth. 

ERMAN.— TRAVELS  IN  SIBERIA: 

Including  Excursions  Northwards,  down  the  Obi,  to  the  Polar  Circle,  and  Southwards, 
to  the  Chinese  Frontier.  By  Adolph  Erman.  Translated  by  W.  D.  Cooley,  Esq.  author  of 
“The  History  of  Maritime  and  Inland  Discovery;”  translator  and  editor  of  Dr.  Parrot’s 
“Journey  to  Ararat,”  etc.  2 vols.  Svo.  with  Map,  31*.  6 d.  cloth. 

; EVANS.— THE  SUGAR  PLANTER’S  MANUAL; 

Being  a Treatise  on  the  Art  of  obtaining  Sugar  from  the  Sugar  Cane.  By  W.  J. Evans, M.D. 
8vo.  9*.  cloth. 

FAREY.— TREATISE  ON  THE  STEAM-ENGINE, 

Historical,  Practical,  and  Descriptive.  By  John  Farey,  Engineer.  4to.  illustrated  by 
numerous  Woodcuts,  and  25  Copper-plates,  51,  5s.  in  boards. 

FIELD.— PRISON  DISCIPLINE; 

And  the  Advantages  of  the  Separate  System  of  Imprisonment:  with  a detailed  Account  of 
the  Discipline  now  pursued  in  the  New  County  Gaol  at  Reading.  By  the  Rev.  J.  Field,  M.A. 
Chaplain.  NewEdition.  2 vols.  8vo.  20*.  cloth. 

FLOWERS  AND  THEIR  KINDRED  THOUGHTS; 

A Series  of  Stanzas — On  Hope,  Innocence,  Modesty,  Childhood,  Humility,  Joy,  Love, 
Constancy,  Fascination,  Timidity,  Fine  Taste, Thoughts,  Recollection,  and  Friendship.  By 
Mary  Anne  Bacon.  Illustrated  by  the  Snowdrop,  Primrose,  Violet, Harebell  and  Pimpernel, 
Lily  of  the  Valley,  Hawthorn,  Rose,  Honeysuckle,  Carnation,  Convolvulus,  Fuchsia,  Pansy, 
Forget-me-not,  and  Holly  ; designed  and  printed  in  Colours  by  Owen  Jones.  Imperial  8vo. 
31*.  6 d.  elegantly  bound. 

FORSTER  (REV.  C.)— THE  HISTORICAL  CEOCRAPHY  OF  ARABIA; 

Or,  the  Patriarchal  Evidences  of  Revealed  Religion.  A Memoir,  with  Illustrative  Maps  and 
an  Appendix,  containing  Translations,  with  an  Alphabet  and  Glossary  of  the  Hamyaritic 
Inscriptions  recently  discovered  in  Hadramaut.  By  the  Rev.  Charles  Forster,  B.D.,  Rector  of 
Stisted,  Essex ; author  of  “ Mahometanism  Unveiled.”  2 vols.  8vo.  30*.  cloth. 

FORSTER  (REV.  C.)— THE  LIFE  OF  JOHN  JEBB,  D.D.  F.R.S. 

Late  Bishop  of  Limerick.  With  a Selection  from  his  Letters.  By  the  Rev.  Charles  Forster,  B.D., 
Rector  of  Stisted,  Essex,  and  one  of  the  Six  Preachers  in  the  Cathedral  of  Christ,  Canterbury, 
formerly  Domestic  Chaplain  to  the  Bishop.  NewEdition.  8vo.  with  Portrait,  etc.  16*.  cloth. 
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FOSTER.— THE  HAND-BOOK  OF  EUROPEAN  LITERATURE. 

By  Mrs.  Foster.  Foolscap  8vo.  [In  the  press. 

FRESENIUS.— A MANUAL  OF  AGRICULTURAL  CHEMISTRY. 

By  Dr.  C.  R.  Fresenius,  Professor  of  Chemistry  and  Natural  Philosophy,  Wiesbaden  j late 
Assistant  in  the  Laboratory  of  Giessen.  Translated  from  the  German.  [In  the  press. 

FROM  OXFORD  TO  ROME  : AND,  HOW  IT  FARED  WITH  SOME  WHO 

LATELY  MADE  THE  JOURNEY.  By  a Companion  Traveller.  New  Edition,  revised  and 
corrected.  Fcp.8vo.  with  Frontispiece,  6s.  cloth. 


GARDINER.— SIGHTS  IN  ITALY: 

With  some  Account  of  the  Present  State  of  Music  and  the  Sister  Arts  in  that  Country.  By 
William  Gardiner,  author  of  “Sacred  Melodies,”  etc.;  Member  of  the  Academy  of  St. 
Cecilia,  Rome  ; and  of  the  Class  of  Fine  Arts  of  the  Institut  Historique  of  France.  8vo.  with 
engraved  Music,  16s.  cloth. 


GERTRUDE. 

A Tale.  By  the  author  of  “ Amy  Herbert.”  Edited  by  the  Rev.  William  Sewell,  B.D.,  of 
Exeter  College,  Oxford.  New  Edition.  2 vols.  foolscap  8vo.  9s.  cloth. 

GIBBON.— HISTORY  OF  THE  DECLINE  AND  FALL  OF  THE  ROMAN 

EMPIRE.  A new  Edition,  in  One  Volume  ; with  an  Account  of  the  Author’s  Life  and 
Writings,  by  Alexander  Chalmers,  Esq.  F.A.S.  Svo.  with  Portrait,  18s.  cloth. 

***  An  Edition  in  8 vols.  8 vo.  60s.  boards. 

GOLDSMITH -THE  POETICAL  WORKS  OF  OLIVER  COLDSMITH. 

Illustrated  by  Wood  Engravings,  from  Designs  by  Members  of  the  Etching  Club.  Edited 
by  Bolton  Corney,  Esq.  Square  crown  8vo.,  uniform  with  “Thomson’s  Seasons,”  21s. 
cloth ; or  36s.  bound  in  morocco,  by  Hay  day. 

GOWER.— THE  SCIENTIFIC  PHENOMENA  OF  DOMESTIC  LIFE  FAMILIARLY 

EXPLAINED.  By  Charles  Foote  Gower.  New  Edition.  Foolscap  Svo.  with  Engravings 
on  Wood,  5s.  cloth. 

GRAHAM.-ENCLISH;  OR,  THE  ART  OF  COMPOSITION 

explained  in  a Series  of  Instructions  and  Examples.  By  G.  F.  Graham.  New  Edition,  re- 
vised and  improved.  Foolscap  §vo.  6s.  cloth. 

GRANT  (MRS.)— LETTERS  FROM  THE  MOUNTAINS. 

Being  the  Correspondence  with  her  Friends,  between  the  years  l/"3  and  1803.  By  Mrs. 
Grant,  of  Laggan.  6th  Edition.  Edited,  with  Notes  and  Additions,  by  her  Son,  J.  P.  Grant, 
Esq.  2 vols.  post  8vo.  21s.  cloth. 

GRANT  (MRS.,  OF  LAGGAN).- MEMOIR  AND  CORRESPONDENCE 

of  the  late  Mrs.  Grant,  of  Laggan,  author  of  “ Letters  from  the  Mountains,”  etc.  Edited 
by  her  Son,  J.  P.  Grant,  Esq.  New  Edition.  3 vols.  post  8vo.  Portrait,  If.  11s.  6d.  cloth. 

GRAY  (THOMAS). -CRAY’S  ELECY, 

Written  in  a Country  Churchyard.  Illuminated  in  the  Missal  style.  By  Owen  Jones, 
Architect.  Imp.  8vo.  31s.  6 d.  elegantly  bound. 

GRAY  AND  MITCHELL’S  ORNITHOLOGY.— THE  GENERA  OF  BIRDS; 

Comprising  their  Generic  Characters,  a Notice  of  the  Habits  of  each  Genus,  and  an  exten- 
sive List  of  Species,  referred  to  their  several  Genera.  By  George  Robert  Gray,  Acad.  Imp. 
Georg.  Florent.  Soc.  Corresp.  Senior  Assistant  of  the  Zoological  Department,  British 
Museum;  and  author  of  the  “List  of  the  Genera  of  Birds,”  etc.  Imperial  4to.  illustrated 
with  350  Plates,  by  David  William  Mitchell,  B.A. 

*,*  In  course  of  publication  in  Monthly  Parts,  10s.  6d.  each;  each  Part  consisting  of  Four 
coloured  Plates  and  Three  plain,  with  Letter-press.  The  Work  will  not  exceed 50  Monthly 
Parts,  of  which  48  have  appeared. 

Order  I.— Accipitres  has  been  completed,  and  may  be  had  separately.  Imperial  8vo.  with  15 
coloured  and  12  plain  Plates,  21.  8s.  boards. 

GRIMBLOT  (P.)— LETTERS  OF  WILLIAM  III.  AND  LOUIS  XIV.  AND  OF 

THEIR  MINISTERS.  Illustrating  the  Domestic  and  Foreign  Policy  of  England  during 
the  period  which  followed  the  Revolution  of  1688.  Flxtracted  from  the  Archives  of  France 
and  England,  and  from  Family  Papers.  Edited  by  P.  Grimblot.  2 vols.  8vo.  30s.  cloth. 

* ,*  Amongst  other  important  and  interesting  subjects,  this  work  contains  the  whole  of 
the  diplomatic  correspondence  relative  to  the  Spanish  succession,  etc.  (1697—1/02). 
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GWILT— AN  ENCYCLOP/EDIA  OF  ARCHITECTURE; 

Historical,  Theoretical,  and  Practical.  By  Joseph  Gwilt,  Esq.,  F.S.A.  Illustrated  with 
upwards  of  1,000  Engravings  on  Wood,  from  Designs  by  J.S.  Gwilt.  Svo.  2/.  12s.  6<f.  cloth. 

HALL. — MIDSUMMER  EVE: 

A Fairy  Tale  of  Love.  By  Mrs.  S.  C.  Hall.  Square  crown  8vo.  with  nearly  300  Wood 
Engravings,  21s.  cloth,  gilt  edges. 

•4‘  The  Illustrations  from  Designs  by  D.Maclise,  C.  Stanfield,  T.  Creswick,  E.  M.  Ward, 

A . Elmore,  W.  E.  Frost,  J . N.Paton,  F.  Goodall,  T.  Landseer,  E.  H.  Wehnert,  H.  Huskissun, 

F.  IV.  Topham,  K.  Meadows,  F.  IV.  Fairholt,  J.  Franklin,  J . H.  Weir,  F.  W.  Iiulme,  J. 
Lecurieux,  and  T.R,  Macquoid;  engraved  by  Green,  Dalziel,  Bastin,  Linton , etc. 

HALL’S  (SIDNEY)  GENERAL  LARGE  LIBRARY  ATLAS  OF  FIFTY- 

THREE  MAPS  (size  20  in.  by  76  in.) , with  the  Divisions  and  Boundaries  carefully  coloured  ; 
and  an  Alphabetical  Index  of  all  the  Names  contained  in  the  Maps,  with  their  Latitude 
and  Longitude.  An  entirely  New  Edition,  corrected  throughout  from  the  best  and  most 
recent  Authorities;  with  all  the  Railways  laid  down,  and  many  of  the  Maps  re-drawn  and 
re-engraved. 

***  Publishing  in  Monthly  Parts,  of  which  11  have  appeared.  To  be  completed 
in  14  Parts,  price  6s.  each. 

IIALSTED.— LIFE  AND  TIMES  OF  RICHARD  THE  THIRD, 

as  Duke  of  Gloucester  and  King  of  England  : in  which  all  the  Charges  against  him  are  care- 
fully investigated  and  compared  with  the  Statements  of  contemporary  Authorities.  By 
Caroline  A.  Halsted.  2 vols.  Svo.  with  Portrait  and  other  Illustrations,  If.  10s.  cloth. 

HARRIS— THE  HIGHLANDS  OF  /ETHIOPIA; 

Being  the  Account  of  Eighteen  Months’ Residence  of  a British  Embassy  to  the  Christian 
Court  of  Shoa.  By  Major  Sir  W*C.  Harris,  author  of  “ Wild  Sports  in  Southern  Africa,” 
etc.  New  Edition.  3 vols.  8vo.  with  Map  aud  Illustrations,  21.  2s. cloth. 

HARRISON— ON  THE  RISE,  PROGRESS,  AND  PRESENT  STRUCTURE 

OF  THE  ENGLISH  LANGUAGE.  By  the  Rev.  M.  Harrison,  M.A.,  late  Fellow  of  Queen’s 
College,  Oxford.  Post  Svo.  {In  the  press. 

HAWBUCK  GRANGE; 

Or,  the  Sporting  Adventures  of  Thomas  Scott,  Esq.  By  the  Author  of  “ Handley  Cross  ; or 
the  Spa  Hunt,”  “Jorrochs’  Jaunts  and  Jollities,”  etc.  8vo.  with  eight  Illustrations,  by 
Phiz,  12s.  cloth. 

HAWKER— INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

In  all  that  relates  to  Guns  and  Shooting.  Bv  Lieut.  Col.  P.  Hawker.  9th  edition,  corrected, 
enlarged,  and  improved,  with  Eighty-five  Plates  and  Woodcuts,  by  Adlard  andBranston, 

^ from  Drawings  by  C.  Varley,  Dicks,  etc.  Svo.  21s.  cloth. 

HAYDON— THE  AUTOBIOGRAPHY  AND  JOURNALS  OF  THE  LATE 

B.  R.  HAYDON,  Historical  Painter,  {In  preparation. 

IIAYDON  (B.  R.)— LECTURES  ON  PAINTING  AND  DESIGN, 

Delivered  at  the  London  Institution,  the  Royal  Institution,  Albermarle  Street,  to  the 
University  of  Oxford,  etc.  By  B.  R.  Haydon,  Historical  Painter.  2 vols.  8vo.  with  Pro- 
traits of  the  Author  and  Sir  David  Wilkie,  and  numerous  other  Illustrations,  24s.  cloth. 

HINTS  ON  ETIQUETTE  AND  THE  USAGES  OF  SOCIETY: 

With  a Glance  at  Bad  Habit3.  By  p^ycayoq.  “Manners  make  the  Man.’'  NewEdition, 
revised  (with  additions)  by  a Lady  of  Rank.  Foolscap  8vo.  2s.  6d.  cloth. 

HISTORICAL  CHARADES. 

By  the  Author  of  “ Letters  from  Madras.”  Foolscap  Svo.  5s.  cloth. 

HISTORICAL  PICTURES  OF  THE  MIDDLE  ACES, 

I n Black  and  White.  Made  on  the  spot,  from  Records  in  the  Archives  of  Switzerland.  By  a 
Wandering  Artist.  2 vols.  post  8ro.  18s.  cloth. 

HOARE— A DESCRIPTIVE  ACCOUNT  OF  A NEW  METHOD  OF 

PLANTING  AND  MANAGING  THE  ROOTS  OF  GRAPE  VINES.  By  Clement  Hoare, 
author  of  “ A Treatise  on  the  Cultivation  of  the  Grape  Vine  on  Open  Walls.”  12mo.  5s.  cl. 
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HOARE— A PRACTICAL  TREATISE  ON  THE  CULTIVATION  OF  THE 

GRAPE  VINE  ON  OPEN  WALLS.  By  Clement  Hoare.  New  Edition.  8vo.  7*.  6<f.  cloth. 

HOBBES.— THE  COMPLETE  WORKS  OF  THOMAS  HOBBES, 

Of  Malmesbury;  now  first  collected,  and  edited  by  Sir  William  Molesworth,  Bart.  16  vols. 
8vo.  81.  cloth. 

*»*  Separately,  the  English  IVorhs,  in  11  vols.  51. 10*.;  the  Latin  IVorks,  in  5 vols.  21. 10*. 


HOLLAND.— MEDICAL  NOTES  AND  REFLECTIONS. 

By  Henry  Holland, M.D.  F.R.S.  etc.  Fellow  of  the  Royal  College  of  Physicians, Physician 
Extraordinary  to  the  Queen,  and  Physician  in  Ordinary  to  His  Royal  Highness  Prince  Albert. 
New  Edition.  8vo.  18s.  cloth. 


HOOK  (DR.  W.  F.)— THE  LAST  DAYS  OF  OUR  LORD’S  MINISTRY; 

A Course  of  Lectures  on  the  principal  Events  of  Passion  Week.  By  Walter  Farquhar  Hood, 
D.D.,  Vicar  of  Leeds,  Prebendary  of  Lincoln,  and  Chaplain  in  Ordinary  to  the  Queen.  New 
Edition.  Foolscap  8vo.  6s.  cloth. 

HOOKER.— KEW  CARDENS  ; 

Or  a Popular  Guide  to  the  Royal  Botanic  Gardens  of  Kew.  By  Sir  William  Jackson  Hooker, 
K.H.  D.C.L.  F.R. A.  & L.S.  etc.  etc.  Director.  NewEdition.  lCmo.  with  numerous  Wood  I 
Engravings,  6d.  sewed. 


HOOKER.— THE  BRITISH  FLORA. 

Comprising  the  Phaenogamous  or  Flowering  Plants,  and  the  Ferns.  By  Sir  William  Jackson  : 
Hooker,  K.H.  LL.D.  F.R. A.  and  L.S.  etc.  etc.  etc.  New  Edition,  with  Additions  and 
Corrections;  and  1/3  Figures,  illustrative  of  the  Umbelliferous  Plants,  the  Composite  i 
Plants,  the  Grasses,  and  the  Ferns.  Vol.  I . Svo.,  with  12  Plates,  14*.  plain  ; with  the  Plates 
coloured,  24*.  cloth. 

Vol.  II. in  Two  Parts,  comprising  the  Cryptogamia  and  the  Fungi,  completing  the  British 
Flora,  and  forming  Vol.  V.,  Parts  1 and  2,  of  Smith’s  English  Flora,  24*.  boards. 

HORNE  (THE  REV.  T.  H.)-AN  INTRODUCTION  TO  THE  CRITICAL 

STUDY  AND  KNOWLEDGE  OF  THE  HOLY  SCRIPTURES.  By  the  Rev.  Thomas  i 
Hartwell  Horne, B.D. of  St.  John’s  College,  Cambridge.  New  Edition,  revised  and  corrected.  I 
5 vols.  8vo.  with  Maps  and  Fac-similes,  31.  3*.  cloth ; or  51.  bound  in  calf  by  Hayday . 


HORNE  (THE  REV.  T.  H.)-A  COMPENDIOUS  INTRODUCTION  TO  THE  j 

STUDY  OF  THE  BIBLE.  By  the  Rev.  Thomas  Hartwell  Horne,  B.D.  of  St.  John’s  College, 
Cambridge.  Being  an  Analysis  of  his  “Introduction  to  the  Critical  Study  and  Knowledge  of 
the  Holy  Scriptures.”  NewEdition.  12mo.  with  Maps  and  Engravings,  9*.  boards. 


HOWITT,  (MARY).— BALLADS  AND  OTHER  POEMS. 

By  Mary  Howitt.  Square  crown  8vo.  with  a Portrait  from  a Picture  by  Miss  Gillies,  j 
beautifully  engraved  by  W.  H.  Egleton,  18*.  cloth  ; morocco,  36*.  (bound  by  Hayday). 

HOWITT.— THE  CHILDREN’S  YEAR. 

By  Mary  Howitt.  With  Four  Illustrations,  engraved  by  John  Absolon,  from  Original 
Designs  by  Anna  Mary  Howitt.  Square  16mo.  5s.  cloth. 

HOWITT.— THE  BOY’S  COUNTRY  BOOK: 

Being  the  real  Life  of  a Country  Boy,  written  by  Himself ; exhibiting  all  the  Amusements, 
Pleasures,  and  Pursuits  of  Cihildren  in  the  Country.  Edited  by  William  Howitt,  author  of 
“ The  Rural  Life  of  England,”  etc.  New  Edition.  Fcap.  8vo.  with  40  Woodcuts,  6*.  cloth. 

HOWITT— VISITS  TO  REMARKABLE  PLACES; 

Old  Halls,  Battle-Fields,  and  Scenes  illustrative  of  Striking  Passages  in  English  History  and 
Poetry.  By  William  Howitt.  NewEdition.  Medium  8vo.  with  40 Illustrations,  21*.  cloth. 

SECOND  SERIES,  chiefly  in  the  Counties  of  DURHAM  and  NORTHUMBERLAND,  with  a j 
Stroll  along  the  BORDER.  Medium  Svo.  with  upwards  of  40  highly-finished  Woodcuts,  from 
Drawings  made  on  the  spot,  21*.  cloth. 
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HOWITT.— THE  RURAL  LIFE  OF  ENGLAND. 

By  William  Howitt.  New  Edition,  corrected  and  revised.  Medium  8vo.  with  Engravings  on 
Wood  by  Bewick  and  Williams,  uniform  with  “ Visits  to  Remarkable  Places,”  21s.  cloth. 

HOWITT.— THE  RURAL  AND  DOMESTIC  LIFE  OF  GERMANY: 

With  Characteristic  Sketches  of  its  chief  Cities  and  Scenery.  Collected  in  a General  Tour , 
and  during  a Residence  in  that  Country  in  the  Years  1840-42.  By  William  Howitt,  author 
of  “The  Rural  Life  of  England,”  etc.  Medium  8vo.,  with  above  50 Illustrations, 21*.  cloth. 

HOWITT.— THE  STUDENT-LIFE  OF  GERMANY. 

From  the  Unpublished  MS.  of  Dr.  Cornelius.  By  William  Howitt.  8vo.  with  24  Wood 
Engravings,  and  7 Steel  Plates,  21s.  cloth. 

HOWITT. — COLONISATION  AND  CHRISTIANITY: 

A Popular  History  of  the  Treatment  of  the  Natives,  in  all  their  Colonies,  by  the  Europeans. 
By  William  Howitt.  Post  8vo.  10s.  Cd.  cloth. 

HUDSON.— PLAIN  DIRECTIONS  FOR  MAKING  WILLS 

In  conformity  with  the  Law,  and  particularly  with  reference  to  the  Act  7 Wm.  IV.  and  1 Viet , 
c.  26.  To  which  is  added,  a clear  Exposition  of  the  Law  relating  to  the  Distribution  of  Per- 
sonal Estate  in  the  case  of  Intestacy  , with  two  Forms  of  Wills,  and  much  useful  Information, 
etc.  By  J.  C.  Hudson, Esq.  New  Edition,  corrected.  Fcap.  8vo.  2s.  6d.  cloth. 

IIUDSON.-THE  EXECUTOR’S  GUIDE. 

By  J.  C.  Hudson,  Esq.,  of  the  Legacy  Duty  Office,  London:  author  of  “ Plain  Directions 
for  Making  Wills,”  anrl  “ The  Parent’s  Hand-Book.”  New  Edition.  Foolscap  8vo.  5s. cloth. 
•»*  The  above  two  works  may  be  had  in  One  volume,  price  Ts.  cloth. 

HUMBOLDT  (BARON).  - COSMOS : 

A Sketch  of  a Physical  Description  of  the  Universe.  Translated,  with  the  Author’s  sanction 
and  co-operation,  under  the  superintendence  of  Lieutenant-Colonel  Edward  Sabine,  F.R.S. 
For.  Sec.  R.S.  NewEdition.  Vols.  I.  and  II.  post  8vo.  12s.  each,  cloth. 

“ Je  vous  antorise,  Monsieur , de  vous  servir  en  toute  occasion  de  la  declaration,  que  la 
belle  traduction  du  Colonel  Sabine,  enriche  de  rectijications  et  de  notes  tr1s~pr£cieuses,  ct 
qui  out  toute  inon  approbation,  est  la  settle  par  laquelle  j' ai  vivement  desiri  voir  introduit 
mon  ouvrage  dans  la  litttrature  de  votre pat/s.” — Baron  Humboldt  to  Mr.  Murray. 

HUME.— THE  LEARNED  SOCIETIES  AND  PRINTING  CLUBS  OF  THE 

UNITED  KINGDOM  ; being  an  Account  of  their  respective  Origin,  History,  Objects,  and 
Constitution:  full  details  respecting  Membership,  Fees,  their  published  Works  and  Trans- 
actions, Notices  of  their  Periods  and  Places  of  Meeting,  etc.  With  a general  Introduction, 
and  a Classified  Index.  Compiled  from  Official  Documents,  by  the  Rev.  A.  Hume,  LL.D., 
F.S.A.  Post  8vo.  8s.  6d.  cloth. 

HUNT.— RESEARCHES  ON  LIGHT: 

An  Examination  of  all  the  Phenomena  connected  with  the  Chemical  and  Molecular  Changes 
produced  by  the  Influence  of  the  Solar  Rays  ; embracing  all  the  known  Photographic  Pro- 
cesses, and  new  Discoveries  in  the  Art.  By  Robert  Hunt,  Keeper  of  Mining  Records, 
Museum  of  Economic  Geology.  8vo.  with  Plate  and  Woodcuts,  10s.  6d.  cloth. 

JAMES.— A HISTORY  OF  THE  LIFE  OF  EDWARD  THE  BLACK  PRINCE, 

and  of  various  Events  connected  therewith,  which  occurred  during  the  Reign  of  Edward  III. 
King  of  England.  By  G.  P.  R.  James,  Esq.  New  Editiou.  2 vols.  foolscap  8vo.  with  Map,  15s. 

JAMESON.— SACRED  AND  LEGENDARY  ART. 

By  Mrs.  Jameson.  2 vols.  square  crown  8vo.,  illustrated  by  numerous  Woodcuts,  with  a 
a few  Etchings  by  the  Author.  [Nearly  ready. 

Vol.  I.  contains  Lcgeuds  of  the  Angels  and  Archangels,  the  Evangelists,  the  Apostles,  the 
Doctors  of  the  Church,  and  Mary  Magdalene. 

Vol.  II.  contains  Legends  of  the  Patron  Saints,  the  Virgin  Patronesses,  the  Greek  and  Latin 
Martyrs,  the  Bishops  and  Confessors,  the  Hermits,  and  the  Warrior  Saints  of  Christendom. 

JEBB  (BISHOP)  AND  KNOX  (ALEXANDER).— THIRTY  YEARS’  COR- 
RESPONDENCE between  John  Jebb,  D.D.F.R.S.,  Bishop  of  Limerick,  Ardfert,  Aghadoe, 
and  Alexander  Knox,  Esq.  M.R.I.A.  Edited  by  the  Rev.  Charles  Forster,  B.D.  Rector  of 
Stisted,  formerly  Domestic  Chaplain  to  Bishop  Jebb.  New  Edition.  2 vols.  8vo.  28*.  cloth. 
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JEBB.-A  LITERAL  TRANSLATION  OF  THE  BOOK  OF  PSALMS; 

Intended  to  illustrate  their  Poetical  and  Moral  Structure.  To  which  are  added,  Disserta- 
tions on  the  word  “Selah,”and  on  the  Authorship,  Order,  Titles,  and  Poetical  Features 
of  the  Psalms.  By  the  Rev.  John  Jehb,  A.M.,  Rector  of  Peterstow.  2 vols.  8vo.  21*.  cloth. 

JEFFREY  (LORD).— CONTRIBUTIONS  TO  THE  EDINBURGH  REVIEW. 

By  Francis  Jeffrey,  now  one  of  the  Judges  in  the  Court  of  Session  in  Scotland.  New  Edit. 
3 vols.  8vo.  42*.  cloth. 

JOHNSON.— THE  WISDOM  OF  THE  RAMBLER,  ADVENTURER,  AND 

IDLER.  Consisting  of  110  of  the  best  Essays.  By  Samuel  Johnson,  LL.D.  Foolscap  8vo. 
7*.  cloth. 

JOHNSON.-THE  FARMER’S  ENCYCLOP/EDIA, 

And  DICTIONARY  of  RURAL  AFFAIRS  : embracing  all  the  recent  Discoveries  in  Agri- 
cultural Chemistry;  adapted  to  the  comprehension  of  unscientific  Readers.  By  Cuthbert 
W.  Johnson,  Esq.,  F.R.S.  Barrister-at-Law,  Editor  of  the  “Farmers’  Almanack,”  etc. 
8vo.  with  Wood  Engravings, 2/.  10*.  cloth. 

JONES’S  GUIDE  TO  NORWAY,  AND  SALMON-FISHER’S  POCKET 

COMPANION;  founded  on  Experience  collected  in  the  Country.  Edited  by  Frederic 
Tolfrey,  Esq.,  author  of  “The  Sportsman  in  France,”  and  “The  Sportsman  in  Canada.” 
Foolscap  8vo.  with  Frontispiece  and  Vignette  Title,  and  Engravings  of  the  proper  Flies, 
beautifully  coloured,  in  exact  imitation  of  the  originals,  15*.  cloth. 

KINDERSLEY.— THE  VERY  JOYOUS,  PLEASANT,  AND  REFRESHING 

HISTORY  of  the  Feats,  Exploits,  Triumphs,  and  Achievements  of  the  Good  Knight,  without 
Fear  and  without  Reproach,  the  gentle  Lord  De  Bayard.  Set  forth  in  English  by  Edward 
Cockburn  Kindersley,  Esq.  Square  post  8ro.  with  Ornamental  Headings,  and  Frontis- 
piece by  E.  H.  Wehnert,  9*.  6rf.  cloth. 

KIP.— THE  CHRISTMAS  HOLYDAYS  IN  ROME. 

By  the  Rev.  W.  Ingraham  Kip,  M.A.  Edited  by  the  Rev.  W.  Sewell,  B.D.  F'cllow  and 
Tutor  of  Exeter  College,  Oxford.  Foolscap  8vo.  5*.  cloth. 

KIRBY  AND  SPENCE.— AN  INTRODUCTION  TO  ENTOMOLOGY; 

Or,  Elements  of  the  Natural  History  of  Insects:  comprising  an  account  of  noxious  and 
useful  Insects,  of  their  Metamorphoses,  Food,  Stratagems,  Habitations,  Societies,  Motions, 
Noises,  Hybernation,  Instinct,  etc.  By  W.  Kirby,  M.A.  F.R.S.  & L.S.  Rector  of  Barham; 
and  W.  Spence,  Esq.,  F.R.S.  &L.S.  NewEdition,  enlarged.  2 vols.  8vo. 31*.  6d.  cloth. 

KNOX  (ALEXANDER).  — REMAINS  OF  ALEXANDER  KNOX,  ESQ. 

Of  Dublin,  M.R.I.A. ; containing  Essays,  chiefly  explanatory,  of  Christian  Doctrine;  and 
Confidential  Letters,  with  Private  Papers,  illustrative  of  the  Writer’s  Character,  Sentiments, 
and  Life.  NewEdition.  4 vols.  8vo.  21.  8s.  cloth. 

LAING.— THE  CHRONICLE  OF  THE  KINGS  OF  NORWAY, 

From  the  Earliest  Period  of  the  History  of  the  Northern  Sea  Kings  to  the  Middle  of  the 
Twelfth  Century  : commonly  called  the  Heimskringla.  Translated  from  the  Icelandic  of 
Snorro  Sturleson,  with  Notes,  and  a Preliminary  Discourse,  by  Samuel  Laing,Esq.  3 vols. 
8vo.  36*.  cloth. 

LAING.— A TOUR  IN  SWEDEN 

In  1838;  comprising  Observations  on  the  Moral,  Political,and  Economical  State  of  the  Swedish 
Nation.  By  Samuel  Laing,  Esq.  Sro.  12*.  cloth. 

LANE  (R.  I.)— LIFE  AT  THE  WATER  CURE: 

Or,  a Month  at  Malvern.  A Diary  of  Facts  and  Fancies.  To  which  is  added  the  Sequel. 
By  Richard  J.  Lane,  A.R.A..  Lithographer  in  Ordinary  to  Her  Majesty  and  His  Royal  High- 
ness Prince  Albert.  Post  8vo.  with  many  Illustrations,  14*.  cloth. 

L.  E.  L.— THE  POETICAL  WORKS  OF  LETITIA  ELIZABETH  LANDON. 

New  Edition.  4 vols.  foolscap  8vo.  with  Illustrations  by  Howard,  etc.  28*.  cloth  ; or  bound 
in  morocco,  with  gilt  edges,  21.  4*. 

The  following  Works  separately:— 

The  IMPROVISATRICE  - - 10*.  6rf.  I The  GOLDEN  VIOLET  - - - 10*.  6rf. 

The  VENETIAN  BRACELET  - 10*.  6 d.  | The  TROUBADOUR  ....  10*.  6 d. 
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LARDNER’S  CABINET  CYCLOP/EDIA; 

Being  n Series  of  Original  Works  on  History,  Biography,  Natural  Philosophy,  Natural 
History,  Literature,  the  Sciences,  Arts,  and  Manufactures.  By  Bishop  Thirl  wall,  Sir  James 
Mackintosh,  Sir  John  Herschel,  Sir  Walter  Scott,  Thomas  Moore,  Robert  Southey,  and  other 
Eminent  Writers.  Conducted  and  edited  by  Dr.  Lardner. 

The  Series  complete  in  One  Hundred  and  Thirty-three  Volumes,  391.  18s.  The  Works 
separately,  6s.  per  volume. 

The  Series  comprises  : — 


1.  Bell's  History  of  Russia  . 3 vols.  18s. 

2.  Bell’s  Lives  of  British  Poets  2 vols.  12s. 

3.  Brewster’s  Treatise  on  Optics  1 yol.  Cs. 

4.  Cooley’s  History  of  Maritime 

and  Inland  Discovery  . 3 vols.  18s. 

5.  Crowe’s  History  of  France  . 3 vols.  18s. 

6.  De  Morgan's  Treatise  on  Pro- 

babilities . . . 1 vol.  6s. 

7.  De  Sismondi’s  History  of  the 

Italian  Republics 

8.  De  Sismotidi's  Fall  of  the 

Roman  Empire  . 

9.  Donovan’sTreatisc  on  Chem- 

istry   

10.  Donovan's  Domestic  Economy,  2 vols.  12s 

11.  Dunham’s  History  of  Spain 

and  Portugal 

12.  Dunham's  History  of  Den- 

mark, Sweden,  and  Nor- 
way   

13.  Dunham’s  History  of  Poland 

14.  Dunham’s  History  of  the 

Germanic  Empire 

15.  Dunham’s  History  of  Europe 

during  the  Middle  Ages  . 

16.  Dunham’s  Lives  of  British 

Dramatists 

17.  Dunham’s  Lives  of  Early 

Writers  of  Great  Britain  . 

of  the 


1 vol.  6s. 

2 vols.  12s. 
1 vol.  6s. 


5 vols.  30 s. 

3 vols.  18s. 

1 vol.  6s. 

3 vols.  ISs. 

4 vols.  24s. 

2 vols.  12s. 
1 vol.  6s. 


18.  Fergus’s  History 
United  States 


2 vols.  12s. 


19.  Fosbroke’s  Grecian  and  Ro- 

man Antiquities  . . 2 vols.  12s. 

20.  Forster’s  Lives  of  the  States- 

men of  the  Commonwealth  5 vols.  30s. 

21.  Forster,  Mackintosh,  and 

Courtenay’s  Lives  of 

British  Statesmen  . . 7 vols.  42s. 


manders  . . . . 

3 vols. 

18*. 

23.  Grattan’s  History  of  the 
Netherlands 

1 vol. 

6s. 

24.  Henslow’s  Treatise  on 

Botany  .... 

1 vol. 

6*. 

25.  Herscliel’s  Treatise  on  As- 
tronnmy  .... 

1 vol. 

6a. 

26.  Hcrschel’s  Preliminary  Dis- 
course on  the  Study  of 
Natural  Philosophy  . 

1 vol. 

6*. 

27.  History  of  Rome  ... 

2 vols. 

12j. 

28.  History  of  Switzerland  . 

1 vol. 

6a. 

29.  Holland’s  Treatise  on  the 
Manufactures  iu  Metal 

3 vols.  18s. 

30.  James’s  Lives  of  Foreign 

Statesmen  . . . .5  vols.  30s. 

31.  Kater  and  I.ardnei's  Treatise 

on  Mechanics  . . .1  vol. 3 6s. 


32.  Keightley’s  Outlines  of  His- 

tory   

33.  Lardner’s  Treatise  on  Arith- 

metic   

34.  Lnrdner’sTreat.  on  Geometry 

35.  Lardner’s  Treatise  on  Heat  . 

36.  Lardner’sTreatiseon  Hydro- 

statics and  Pneumatics 

37.  Lardner  and  Walker’s  Elec- 

tricity and  Magnetism 
3S.  Mackintosh,  Wallace,  and 
Bell's  History  of  England, 

39.  Montgomery  and  Shelley’s 

Lives  of  Italian,  Spanish, 
and  Portuguese  Authors  . 

40.  Moore’s  History  of  Ireland  . 

41.  Nicolas’s  Chronology  of 

History  .... 

42.  Phillips’s  Treat,  on  Geology 

43.  Powell's  History  of  Natural 

Philosophy  . . . 

44.  Porter's  Treatise  on  the 

Manufacture  of  Silk  . . 

45.  Porter’s  Treatise  on  the 

Manufacture  of  Porcelain 
and  Glass  .... 

46.  Roscoe’s  Lives  of  British 

Lawyers  .... 
47-  Scott’s  History  of  Scotland  . 

48.  Shelley’s  Lives  of  French 

Authors  .... 

49.  Shuckard  and  Swainson’s 

Treatise  oil  Insects  . 

50.  Southey’s  Lives  of  British 

Admirals  .... 

51.  Stebbing’s  History  of  the 

Church  . . . 

52.  Stebbing’s  History  of  the 

Reformation  . . . 

53.  Swainson’s  Preliminary  Dis- 

course on  Natural  History, 

54.  Swainson’s  Natural  History 

and  Classification  of 
Animals  .... 

55.  Swainson’s  Habits  and  In- 

stincts of  Animals  . . 

56.  Swainson’s  Quadrupeds  . 

57.  Swainson’s  Birds  . . 

58.  Swainson’s  Fish,  Reptiles, 

etc 

59.  Swainson’s  Shells  and  Shell- 

fish   

60.  Swainson’s  Animals  in  Me- 

nageries .... 

61.  Swainson's  Taxidermy  and 

Bibliography  . . 

62.  Thirlwall’s  History  of  Greece 


1 vol. 

6s, 

1 vol. 

6*. 

1 vol. 

6s. 

1 vol. 

6s. 

1 vol. 

6s. 

2 vols. 

, 12s. 

10  vols, 

, 60s. 

3 vols. 

18s. 

4 vols. 

24s. 

1 vol. 

6s. 

2 vols. 

12s. 

1 vol. 

6s. 

I vol. 

6s. 

1 vol. 

6s. 

1 vol. 

6s. 

2 vols. 

12s. 

2 vols. 

12s. 

1 vol. 

6s. 

5 vols. 

30s. 

2 vols. 

12s. 

2 vols. 

12s. 

1 vol. 

6s. 

1 vol. 

6s. 

1 vol. 

6s. 

1 vol. 

6s. 

2 vols. 

12s. 

2 vols. 

12s. 

1 vol. 

6s. 

1 vol. 

6s. 

1 vol. 

6s. 

8 vols. 

48s. 

C 
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NEW  WOEKS  and  NEW  EDITIONS 


LANETON  PARSONACE: 

A Tale  for  Children,  on  the  practical  use  of  a portion  of  the  Church  Catechism,  By  the 
author  of  “ Amy  Herbert,”  and  “Gertrude.”  Edited  by  the  Rev.  W.  Sewell,  B.D.  New 
Edition.  Parts  I.  and  II.  fcap.  8vo.  5*.  each,  cloth. 

LATHAM.— ON  DISEASES  OF  THE  HEART. 

Lectures  on  Subjects  connected  with  Clinical  Medicine  ; comprising  Diseases  of  the  Heart. 
By  P.  M.  Latham,  M.D.  Physician  Extraordinary  to  the  Queen  ; and  late  Physician  to  St. 
Bartholomew’s  Hospital.  New  Edition.  2 vols.  12mo.  16*.  cloth. 

LEE.— TAXIDERMY; 

Or,  the  Art  of  Collecting,  Preparing,  and  MountingObjects  of  NaturalHistory.  For  the  use 
of  Museums  and  Travellers.  By  Mrs. K. Lee.  New  Edition,  improved  ; with  an  account  of  a 
Visit  to  Walton  Hall,  and  Mr.  Waterton’s  Method  of  Preserving  Animals.  Fcap.  8vo.  with 
Woodcuts,  7*. 

LEE.— ELEMENTS  OF  NATURAL  HISTORY, 

For  the  Use  of  Schools  and  Young  Persons:  comprising  the  Principles  of  Classification, 
interspersed  with  amusing  and  instructive  Accounts  of  the  most  remarkable  Animals.  By 
Mrs.  R.  Lee.  12mo.  with  55  Woodcuts,  7s.  6 d.  bound. 

LEMPRIERE.— A CLASSICAL  DICTIONARY; 

Containing  a copious  Account  of  all  the  Proper  Names  mentioned  in  Ancient  Authors  ; with 
the  Value  of  Coins,  Weights,  and  Measures,  used  amongst  the  Greeks  and  Romans;  and  a 
Chronological  Table.  By  T.  Lempriere,  D.D.  New  Edition,  corrected.  Svo.  9*.  cloth. 

LESLIE  (C.R.)— MEMOIRS  OF  THE  LIFE  OF  JOHN  CONSTABLE,  ESQ. 

R.A.  Composed  chiefly  of  his  Letters.  By  C.  R.  Leslie,  R.A.  Second  Edition,  with  further 
Extracts  from  his  Correspondence.  Small  4to.  with  two  Portraits  lone  from  a new  Sketch, 
by  Mr.  Leslie,)  and  a plate  of  “ Spring,”  engraved  by  Lucas,  21s.  cloth. 

LETTERS  TO  MY  UNKNOWN  FRIENDS. 

By  a Lady.  New  Edition.  Foolscap  8vo.  6*.  6 d.  cloth. 

LINDLEY.— AN  INTRODUCTION  TO  BOTANY. 

By  Prof.  J.  Lindley,  Ph.D.  F.R.S.  L.S.  etc.  New  Edition,  with  Corrections  and  considerable 
Additions.  8vo.  with  Six  Plates  and  numerous  Woodcuts,  IS*.  cloth. 

LINDLEY.— A SYNOPSIS  OF  THE  BRITISH  FLORA, 

Arranged  according  to  the  Natural  Orders.  By  Professor  John  Lindley,  Ph.  D.,  F.R.S.,etc. 
New  Edition,  with  numerous  Additions  and  Improvements.  12mo.  10*.  Gd.  cloth. 

LINDLEY.— THE  THEORY  OF  HORTICULTURE; 

Or,  an  Attempt  to  Explain  the  Principal  Operations  of  Gardening  upon  Physiological  Prin- 
ciples. By  John  Lindley,  Ph.D.  F.R.S.  Svo.  with  Illustrations  on  Wood,  12*.  cloth. 

LINDLEY.— CUIDE  TO  THE  ORCHARD  AND  KITCHEN  CARDEN; 

Or,  an  Account  of  the  most  valuable  Fruits  and  Vegetables  cultivated  in  Great  Britain  : with 
Kalendars  of  the  Work  required  in  the  Orchard  and  Kitchen  Garden  during  every  Month  in 
the  Year.  By  George  Lindley,  C.M.H.S.  Edited  by  Professor  Lindley.  8vo.  16*.  boards. 

LINWOOD  (W.)— ANTHOLOCIA  OXONIENSIS; 

Sive,  Florilegium  e lusibus  poeticis  diversorum  Oxoniensium  Gr«ecis  et  Latinis  deccrptum. 
Curante  Guli'elmo  Linwood,  M.A.  Aidis  Christi  Alummo.  Svo.  14*.  cloth. 

LOUDON  (MRS.)— THE  AMATEUR  CARDENER’S  CALENDAR; 

Being  a Monthly  Guide,  as  to  what  should  be  avoided  as  well  as  what  should  be  done  in  a 
Garden  in  each  Month  : with  plain  Rules  hoic  to  do  what  is  requisite  ; Directions  for  laying 
out  and  planting  Kitchen  and  Flower  Gardens,  Pleasure  Grounds,  and  Shrubberies  ; and  a 
short  account,  in  each  Month,  of  the  Quadrupeds,  Birds,  and  Insects, then  most  injurious  to 
Gardens.  By  Mrs.  Loudon,  lflmo.  with  numerous  Wood  Engravings,  7*.  fid.  cloth. 

LOUDON  (MRS.)— THE  LADY’S  COUNTRY  COMPANION; 

Or,  How  to  Enjoy  a Country  Life  Rationally.  By  Mrs.  Loudon,  author  of  “ Gardening  for 
Ladies, ’’etc.  New  Edition.  Foolscap  Svo.,  with  Plate  and  Woodcuts,  7*.  6d.  cloth. 

LOUDON  (J.  C.)— SELF-INSTRUCTION  FOR  YOUNG  CARDENERS, 

Foresters,  Bailiff's,  Land  Stewards,  and  Farmers;  in  Arithmetic,  Book-keeping,  Geo- 
metry, Mensuration,  Practical  Trigonometry,  Mechanics,  Land-Surveying,  Levelling, 
Planning  and  Mapping,  Architectural  Drawing,  and  Isometrical  Projection  and  Perspective  ; 
with  Examples  shewing  their  applications  to  Horticultural  and  Agricultural  Purposes. 
By  the  late  J.  C.  Loudon,  F.L.S.  H.S.  etc.  With  a Portrait  of  Mr.  Loudon,  and  a Memoir 
by  Mrs.  Loudon.  8vo.  with  Wood  Engravings,  7s.  fid.  cloth. 
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LOUDON.— AN  ENCYCLOPAEDIA  OF  TREES  AND  SHRUBS; 

Being- the  “ Arhorctum  et  Kruticetum  Britannicum”  abridged  : containing  the  Hardy  Trees 
and  Shrubs  of  Great  Britain,  Native  and  Foreign,  scientifically  and  popularly  described  : 
with  their  Propagation,  Culture,  and  Uses  in  the  Arts.  By  J.  C.  Loudon,  F.L.S.  etc.  8ro.  with 
upwards  of  2,000  Engravings  on  Wood,  21. 10*.  cloth. 

A New  Edition  of  the  Original  Work,  in  8 vols . 8vo.  with  above  400  octavo  Plates  of  Trees, 
and  upwards  of  2,500  Woodcuts,  10/.  cloth. 

LOUDON.— AN  ENCYCLOPAEDIA  OF  GARDENINC; 

Presenting  in  one  systematic  view,  the  History  and  Present  State  of  Gardening  in  all  Coun- 
tries, and  its  Theory  and  Practice  in  Great  Britain:  with  the  Management  of  the  Kitchen 
Garden,  the  Flower  Garden,  Laying-out  Grounds,  etc.  By  J.  C.  Loudon,  F.L.S.  etc.  A new 
Edition.  Svo.with  nearly  1,000  Engravings  on  Wood,  2/.  10s.  cloth. 

LOUDON.— AN  ENCYCLOPEDIA  OF  AGRICULTURE  ; 

Comprising  the  Theory  and  Practice  of  the  Valuation,  Transfer,  Laying-out,  Improvement, 
and  Management  of  Landed  Property,  and  of  the  cultivation  and  economy  of  the  Animal  and 
Vegetable'  Productions  of  Agriculture,  including  all  the  latest  improvements.  By  J.  C. 
Loudon,  F.L.G.Z.  and  H.S.  etc.  Fifth  Edition.  8vo.  with  upwards  of  1,100  Engravings  on 
Wood,  by  Branston,  21. 10s.  cloth. — The  Supplement,  separately , 5s.  sewed. 

LOUDON.— AN  ENCYCLOPEDIA  OF  PLANTS; 

1 ncluding  all  the  Plants  which  are  now  found  in,  or  have  been  introduced  in  to,  Great  Britain  ; 
giving  their  Natural  History,  accompanied  by  such  Descriptions,  Engraved  Figures,  and 
Elementary  Details,  as  may  enable  a beginner,  who  is  a mere  English  reader,  to  discover  the 
name  of  every  Plant  which  he  may  find  in  flower,  and  acquire  all  the  information  respecting 
it  which  is  useful  and  interesting.  By  J.  C.  Loudon,  F.L.S.,  etc.  The  Specific  Characters 
by  an  Eminent  Botanist  ; the  Drawings  by  J.  D.  C . Sowerby,  F.L.S.  A new  Edition,  with  a 
new  Supplement  and  a new  Index.  8vo.  with  nearly  10,000  Wood  Engravings,  73s.  6 d.  cloth. 

LOUDON— AN  ENCYCLOPEDIA  OF  COTTACE,  FARM,  AND  VILLA 

ARCHITECTURE  and  FURNITURE.  Containing  Designs  for  Cottages,  Villas,  Farm 
Houses,  Farmeries,  Country  Inns,  Public  Houses,  Parochial  Schools,  etc. ; with  the  requisite 
F'ittings-up,  Fixtures,  and  F'urniture,  and  appropriate  Offices,  Gardens,  and  Garden  Scenery: 
each  Design  accompanied  by  Analytical  and  Critical  Remarks.  ByJ.  C.  Loudon,  F.L.S. 
etc.  New  Edition,  Edited  by  Mrs.  Loudon.  Svo.with  more  than  2,000  Engravings  on  Wood, 
63*. cloth. — The  Supplement, separately,  8vo.  7*.  6 d.  sewed. 

LOUDON.— HORTUS  BRITANNICUS : 

A Catalogue  of  all  the  Plants  indigenous  to  or  introduced  into  Britain.  New  Edition, 
with  a Supplement,  prepared,  under  the  direction  of  J.  C.  Loudon,  by  W.  H.  Baxter,  and 
revised  by  George  Don,  F.L.S.  8vo.  31*. 6d.  cloth. 

LOUDON.— THE  SU3URBAN  CARDENER  AND  VILLA  COMPANION: 

Comprising  the  Choice  of  a Villa  or  Suburban  Residence,  or  of  a Situation  on  which  to  form 
one;  the  Arrangement  and  Furnishing  of  the  House;  and  the  Laying-out,  Planting,  and 
general  Management  of  the  Garden  and  Ground  ; the  whole  adapted  for  Grounds  from  one 

fierch  to  fifty  acres  and  upwards  in  extent;  intended  for  the  instruction  of  those  who  know 
ittle  of  Gardening  or  Rural  Affairs,  and  more  particularly  for  the  use  of  Ladies.  ByJ.  C. 
Loudon,  F.L.S.,  etc.  8vo.  with  above  300  Wood  Engravings,  20*.  cloth. 

LOUDON.-HORTUS  LICNOSUS  LONDINENSIS ; 

Or,  a Catalogue  of  all  the  Ligneous  Plants  cultivated  in  the  neighbourhood  of  London.  To 
which  are  added  their  usual  Prices  in  Nurseries.  ByJ.  C.  Loudon,  F.L.S.  etc.  8vo.  7s.  6 d. 

LOW.— ON  LANDED  PROPERTY,  AND  THE  ECONOMY  OF  ESTATES; 

Comprehending  the  Relations  between  Landlord  and  Tenant,  and  the  Principles  and  Forms 
of  Leases;  of  Farm  Buildings,  Enclosures,  Drains,  Embankments,  Roads,  and  other  Rural 
Works,  Minerals,  and  Woods.  By  David  Low,  Esq.  F.R.S.E.  etc.,  author  of  “Elements 
of  Practical  Agriculture,’’ etc.  8vo.  with  numerous  Wood  Engravings,  21*.  cloth. 

LOW.— AN  INQUIRY  INTO  THE  NATURE  OF  THE  SIMPLE  BODIES  OF 

CHEMISTRY.  By  D.  Low,  F.R.S.E.  Professor  of  Agriculture  in  the  University  of  Edinburgh ; 
nuthor  of  “ Elements  of  Practical  Agriculture,”  “ A Treatise  on  Landed  Property  and  the 
Economy  of  Estates,”  “ A Treatise  on  the  Breeds  of  the  British  Domesticated  Animals,” 
“ The  Breeds  of  the  Domesticated  Animals  of  Great  Britain  Illustrated  and  Described.” 
2d  Edition,  enlarged  and  improved.  8vo.  9*.  cloth. 

LOW.— ON  THE  DOMESTICATED  ANIMALS  OF  CREAT  BRITAIN, 

Comprehending  the  Natural  and  Economical  History  of  the  Species  and  Breeds;  Illustration* 
of  the  Properties  of  External  Form  ; and  Observations  on  the  Principles  and  Practice  of 
Breeding.  By  David  Low,  Esq.,  F.R.S.E.,  Professor  of  Agriculture  in  the  University  of 
Edinburgh,  etc.;  author  of  “ Elements  of  Practical  Agriculture,”  etc.  Svo.  with  Engravings 
on  Wood,  25*.  cloth. 
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NEW  WORKS  and  NEW  EDITIONS 


LOW.— TIHE  BREEDS  OF  THE  DOMESTICATED  ANIMALS  OF  CREAT 

BRITAIN  described.  By  David  Low,  Esq.  F.R.S.E.,  Professorof  Agriculture  in  the  Univer- 
sity of  Edinburgh,  etc.  .The  Plates  from  drawings  by  W.  Nicholson,  R.S.A.,  reduced 
from  a Series  of  Oil  Paintings,  executed  for  the  Agricultural  Museum  of  the  University  of 
Edinburgh,  by  W.  Shiels,  R.S.A.  2 vols.  atlas  quarto,  with  56  Plates  of  Animals,  beautifully 
coloured  after  Nature , 16/.  16*.  half-bound  in  morocco. 


Or  in  four  separate  portions,  as  follow: — 


The  OX.  1 Vol.  With  22  Plates,  price  61. 

16s.  fid.  half-bound  morocco. 

The  SHEEP.  1 Vol.  With  21  Plates,  price 
61. 16s. 6d.  half-bound  morocco. 


The  HORSE.  1 Vol.  With  8 Plates,  price 
31.  half-bound  morocco. 

The  HOG.  1 Vol.  With  5 Plates, price  21.  2s. 
half  bound  morocco. 


LOW.— ELEMENTS  OF  PRACTICAL  ACRICULTURE; 

Comprehending  the  Cultivation  of  Plants,  the  Husbandry  of  the  Domestic  Animals,  and  the 
Economy  of  the  Farm.  By  David  Low,  Esq . F.R.S.E.,  Professor  of  Agriculture  in  the  Uni- 
versity of  Edinburgh.  New  Edition.  8vo.  with  an  entirely  new  set  of  above  200  Wood- 
cuts,  21*.  cloth. 


MACAULAY.— CRITICAL  AND  HISTORICAL  ESSAYS  CONTRIBUTED  TO 

THE  EDINBURGH  REVIEW.  By  the  Right  Hon.  Thomas  Babington  Macaulay,  M.P. 
New  Edition.  3 vols . 8vo.  36s.  cloth. 


MACAULAY.— THE  HISTORY  OF  ENGLAND, 

From  the  Accession  of  James  II.  By  Thomas  Babington  Macaulay.  Vols.  I.  and  II.  8vo. 

[In  the  press. 

MACAULAY.— LAYS  OF  ANCIENT  ROME. 

With  “ Ivry”  and  “The  Armada.”  By  the  Right  Honorable  Thomas  Babington  Macaulay, 
M.P.  NcwEdition.  16mo.  4s.  6d.  cloth;  morocco,  10s.  6d.  (by  Hayday). 

MACAULAY.— MR.  MACAULAY’S  LAYS  OF  ANCIENT  ROME. 

A New  Edition.  With  numerous  Illustrations,  Original  and  from  the  Antique,  drawn  on 
Wood  by  George  Scharf,  jun. ; and  engraved  by  Samuel  Williams.  Fcp.  4to.  21s.  boards; 
morocco,  42s.  (bound  by  Hay  day). 

MACKAY  (CHARLES).— THE  SCENERY  AND  POETRY  OF  THE  ENCLISH 

LAKES:  a Summer  Ramble.  By  Charles  Mackay,  Esq.  LL.D.  author  of  “Legends  of  the 
Isles,”  “The  Salamandrine,”  “ The  Thames  and  its  Tributaries,”  etc.  Svo.  with  beautiful 
Wood  Engravings  from  Original  Sketches,  14*.  cloth. 

MACKINTOSH  (SIR  JAMES'). — THE  LIFE  OF  SIR  THOMAS  MORE. 

By  the  Right  Hon.  Sir  James  Mackintosh.  Reprinted  from  the  Cabinet  Cyclopedia. 
Foolscap  Svo.  with  Portrait,  5*.  cloth;  or  bound  in  vellum,  8*. 


MACKINTOSH’S  (SIR  JAMES)  MISCELLANEOUS  WORKS; 

Including  his  Contributions  to  The  EDINBURGH  REVIEW.  Edited  by  Robert  James 
Mackintosh,  Esq.  3 vols.  Svo.  42*.  cloth. 

M’CULLOCH.— A DICTIONARY,  CEOCR APHICAL,  STATISTICAL,  AND 

HISTORICAL,  of  the  various  Countries,  Places,  and  Principal  Natural  Objects  in  the  World. 
By  J.  R.  M'Culloch,  Esq.  Anew  Edition.  2 vols.  8vo.  with  Six  large  Maps,  4/.  cloth. 

*,*  The  new  Articles  are  printed  separately  as  a Supplement  to  the  former  Edition . They 
comprise  a full  account  of  the  present  state  of  the  United  Kingdom , the  Oregon  Territory , 
etc.  8 vo.  5s.  sewed. 

M'CULLOCH.— A DICTIONARY,  PRACTICAL,  THEORETICAL,  AND 

HISTORICAL,  OF  COMMERCE,  AND  COMMERCIAL  NAVIGATION.  By  J.  R. 
M'Culloch,  Esq.  A New  Edition,  corrected,  enlarged,  and  improved.  8vo.  with  Maps  and 
Plans,  50*.  cloth;  or  55*.  strongly  half-bound  in  russia. 

A SUPPLEMENT  to  the  Editions  published  in  1844  and  1846  may  be  had  separately , 
price  4*.  6 d.  sewed. 

M'CULLOCH.— A TREATISE  ON  THE  SUCCESSION  TO  PROPERTY 

VACANT  BY  DEATH  : including  Inquiries  into  the  Influence  of  Primogeniture,  Entails, 
the  Law  of  Compulsory  Partition,  Foundations,  etc.  over  the  Public  Interests.  By  J.  R. 
M'Culloch,  Esq.  8vo.  6*.  6 d.  cloth. 

M’CULLOCH  (J.  R.)— AN  ACCOUNT,  DESCRIPTIVE,  AND  STATISTICAL, 

of  the  BRITISH  EMPIRE  ; exhibiting  its  Extent,  Physical  Capacities,  Population,  Industry, 
and  Civil  and  Religious  Institutions.  By  J.  R.  M'Culloch,  Esq.  3d  Edition,  corrected, 
enlarged,  and  greatly  improved.  2 thick  vols.  8vo.  42*.  cloth. 


PUBLISHED  BY  MESSRS.  LONGMAN  AND  Co. 


21 


M'CULLOCII. — THE  LITERATURE  OF  POLITICAL  ECONOMY; 

Being  a Classified  Catalogue  of  the  principal  Works  in  the  different  departments  of  Political 
Economy,  interspersed  with  Historical,  Critical,  and  Biographical  Notices.  By  J.  K. 
M'Culloch,  Esq.  8vo.  14s.  cloth. 


M'CULLOCII.— A TREATISE  ON  THE  PRINCIPLES  AND  PRACTICAL 

INFLUENCE  OF  TAXATION  AND  THE  FUNDING  SYSTEM.  By  J.  R.  M‘Culloch, 
Esq.  8to.  10*.  cloth, 

MADAME  DE  MALCUET: 

A Talc  of  1820.  3 vols.  post8vo.  31*.  6<f.  boards. 

“ One  of  the  most  fascinating  production*  of  the  present  day.  The  story  is  well  told ; and 
the  incidents  are  all  grouped  together  with  the  skill  of  a painter  and  the  hand  of  a master. 
Few  works  of  fiction  have  appeared  at  aai/  time,  and  fewer  stilt  in  more  recent  days , which 
will  bear  any  comparison  with  this,  in  all  the  essentia!  attributes  of  a good  novel.” 

, Observer. 

MAITLAND  (DR.  CHARLES).— THE  CHURCH  IN  THE  CATACOMBS: 

A Description  of  the  Primitive  Church  of  Rome,  illustrated  by  its  Sepulchral  Remains. 
ByCharles  Maitland,  M.D.  New  Edition,  revised.  8vo.  with  uumerous  Engravings  on  Wood. 
14*. cloth. 

MARCET.— CONVERSATIONS  ON  CHEMISTRY; 

In  which  the  Elements  of  that  Science  are  familiarly  Explained  and  Illustrated  by  Expert* 
ments.  By  Mrs.  Marcet.  New  Edition,  corrected.  2 vols.  foolscap  8vo.  14*.  doth . 

MARCET. — CONVERSATIONS  ON  NATURAL  PHILOSOPHY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained,  and  adapted  to  the  compre- 
hension of  Young  Persons.  By  Mrs.  Marcet.  New  Edition,  enlarged  and  corrected.  Fcap. 
8vo.  with  23  Plates,  10*.  6<f.  cloth. 


MARCET.— CONVERSATIONS  ON  POLITICAL  ECONOMY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained.  By  Mrs.  Marcet.  New 
Edition, revised  and  enlarged.  Foolscap  8vo.  7*.  6cf.  cloth. 

MARCET.— CONVERSATIONS  ON  VECETABLE  PHYSIOLOCY; 

Comprehending  the  Elements  of  Botany,  with  their  application  to  Agriculture.  By  Mrs. 
Marcet.  New  Edition.  Foolscap  8vo.  with  Four  Plates,  9*.  cloth. 


MARCET.— CONVERSATIONS  ON  LAND  AND  WATER. 

By  Mrs.  Marcet.  New  Edition  revised  and  corrected.  Foolscap  8ro.  with  coloured  Map 
shewing  the  comparative  Altitude  of  Mountains,  5*.  6 d.  cloth. 


MARGARET  PERCIVAL.  * 

By  the  Author  of  “Amy  Herbert.”  Edited  by  the  Rev.  W.  Sewell,  B.D.,  Fellow  andTutor 
of  Exeter  College,  Oxford.  New  Edition.  2 vols.  foolscap  Svo.  12*.  cloth. 

MARRYAT.— BORNEO  AND  THE  EAST  INDIAN  ARCHIPELAGO. 

By  Francis  S.  Marryat,  late  Midshipman  of  H.M.S.  Samarang,  Surveying  Vessel,  With 
many  Drawings  of  Costume  and  Scenery,  from  Original  Sketches  made  on  the  spot  by  Mr  . 
Marryat.  Imperial  Svo.  with  uumerous  Lithographic  Plates  and  Wood  Engravings,  31*.  6d. 
cloth. 

MARRYAT  (C APT.)— MASTERMAN  READY; 

Or,  the  Wreck  of  the  Pacific.  Written  for  Young  People.  By  Captain  Marryat,  C.B.  author 
of  “Peter  Simple,”  etc.  3 vols.  fcap.  8vo.  with  numerous  Engravings  on  Wood,  22*.6rf.  cloth. 

MARRYAT.— THE  PRIVATEER’S- MAN  ONE  HUNDRED  YEARS  AGO. 

By  Captain  F.  Marryat,  C.B.  author  of  " Peter  Simple,”  “ Masterman  Ready,”  etc.  2 vols. 
fcap.  8vo.  12*.  cloth. 

MARRYAT.— THE  MISSION; 

Or,  Scenes  in  Africa.  Written  for  Young  People.  By  Captain  Marryat.  C.B.,  author  of 
“ Peter  Simple,”  “Masterman  Ready,”  etc.  2 vols.  fcap.  Svo.  12*.  cloth. 

MARRYAT.— THE  SETTLERS  IN  CANADA. 

Written  for  Young  People.  By  Captain  Marryat,  C.B.  author  of  “Peter  Simple,” 
**  Masterman  Ready,”  etc.  New  Edition.  Fcap.  Svo.  with  two  Illustrations,  7*.  6 d.  cloth. 

MATTEUCCI. -LECTURES  ON  THE  PHYSICAL  PHENOMENA  OF 

LIVING  BEINGS.  By  Signor  Carlo  Matteucci,  Professor  of  the  University  of  Pisa. 
Translated  under  the  superintendence  of  J.  Pereira,  M.D.  F.R.S.  Vice-President  of  the 
Royal  Medical  and  Chirurgical  Society.  12mo.  9*.  cloth. 
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NEW  WORKS  and  NEW  EDITIONS 


MAUNDER.— THE  TREASURY  OF  KNOWLEDGE, 

And  LIBRARY  of  REFERENCE  : a popular  Compendium  of  Universal  Knowledge.  By 
Samuel  Maunder.  New  Edition,  revised  throughout  and  enlarged.  Foolscap  Svo.  10s. 
cloth  ; bound  in  roan,  12s. 

*,*  The  principal  contents  of  the  present  netc  and  thoroughly  revised  edition  ofilThe  Trea- 
sury of  Knowledge ,”  are— a new  and  enlarged  English  Dictionary,  with  a Grammar,  Verbal 
Distinctions,  and  Exercises ; anew  Universal  Gazetteer ; a compendious  Classical  Dictionary ; 
an  Analysis  of  History  and  Chronology ; a Dictionary  of  Law  Terms;  a new  Synopsis  of  the 
British  Peerage;  and  various  useful  tabular  Addenda. 

MAUNDER.— THE  SCIENTIFIC  AND  LITERARY  TREASURY: 

A New  and  Popular  Encyelopiedia  of  Science  and  the  Belles  Lettres;  includingall  Branches 
of  Science,  and  every  Subject  connected  with  Literature  and  Art.  The  whole  written  in  a 
familiar  style,  adapted  to  the  comprehension  of  all  persons  desirous  of  acquiring  information 
on  the  subjects  comprised  in  the  work,  and  also  adapted  for  a Manual  of  convenient  Refer- 
enceto  the  moreinstructed.  By  Samuel  Maunder.  NewEdition.  Fcap.  8vo.  10s.  cloth;  bound 
in  roan,  12s. 

MAUNDER.— THE  BIOGRAPHICAL  TREASURY: 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent  Persons  of  all 
Ages  and 'Nations,  from  the  Earliest  Period  of  H istory  ; forming  a new  and  complete  Dic- 
tionary of  Universal  Biography.  By  Samuel  Maunder.  New  Edition,  revised  throughout; 
with  a copious  Supplement.  Foolscap  Svo.  10s.  cloth  ; bound  in  roan,  12s. 


MAUNDER.— THE  TREASURY  OF  HISTORY; 

Comprising  a General  Introductory  Outline  of  Universal  History,  Ancient  and  Modern,  and 
a Series  of  separate  Histories  of  every  principal  Nation  that  exists  ; developing  their  Rise, 
Progress,  and  Present  Condition,  the  Moral  and  Social  Character  of  their  respective 
Inhabitants,  their  Religion,  Manners,  and  Customs,  etc.  etc.  By  Samuel  Maunder.  New  Edit. 
Fcap.  8vo.  10s.  cloth;  bound  in  roan,  12s. 

MAUNDER.— THE  TREASURY  OF  NATURAL  HISTORY; 

Or,  a Popular  Dictionary  of  Animated  Nature:  in  which  Zoological  Characteristics  that 
distinguish  the  different  Classes,  Genera,  and  Species  are  combined  with  avariety  of  interest- 
ing Information  illustrative  of  the  Habits,  Instincts,  and  General  Economy  of  the  Animal 
Kingdom.  To  which  are  added,  a Syllabus  of  Practical  Taxidermy,  and  aGlossarial  Appendix. 
Embellished  with  Nine  Hundred  Engravings  on  Wood,  from  Drawings  made  expressly  for 
this  Work.  3y  Samuel  Maunder.  Fcp.  Svo.  with  900  Woodcuts,  10s.  cloth;  bound  in 
roan,  12s. 

MEMOIRS  OF  THE  CEOLOCICAL  SURVEY  OF  CREAT  BRITAIN, 

And  of  the  Museum  of  Economic  Geology  in  London.  Published  by  order  of  the  Lords 
Commissioners  of  Her  Majesty’s  Treasury.  Vol.  I.  Royal  8vo.  with  Woodcuts  and  9 Plates, 
(seven  coloured) , 21s.  cloth  ; and  Vol.  II.  in  two  thick  Parts,  with63Plates  (three  coloured) 
and  numerous  Woodcuts,  42s.  cloth,  or,  separately,  21s.  each  Part. 

MILES  (W.)— THE  HORSE’S  FOOT, 

And  How  to  Keep  it  Sound.  By  William  Miles,  Esq.  New  Edition,  with  an  Appendix  on 
Shoeing  in  General,  and  Hunters  in  Particular.  Imperial  8vo.  with  Engravings,  9s.  cloth. — 
The  Appendix  separately,  price  2s.  6 d. 

*»*  Four  casts  or  models  of  Shoes  may  be  had,  displaying  the  different  kinds  of  Shoeing, 
price  3s.  each;  or  10s.  6 d.  the  set. — No.  1.  Shod  for  General  1‘urposes. — No.  2.  Shod  for 
Hunting. — No.  3.  Shod  with  Leather. — No.  4.  Foot  prepared  for  Shoeing. 


MILNER  (REV.  J.  AND  I.)— THE  HISTORY  OF  THE  CHURCH  OF 

CHRIST.  By  the  Rev.  Joseph  Milner,  A.M.  With  Additions  and  Corrections  by  the  late 
Rev.  Isaac  Milner,  D.D.  F.R.S.  A New  Edition,  revised,  with  additional  Notes,  by  the  Rev. 
Thomas  Grantham,  B.D.,  Chaplain  to  the  Bishop  of  Kildare.  4 vols.  8vo.  52 s.  cloth. 

MIRACLES  OF  OUR  SAVIOUR. 

With  ricli  and  appropriate  Borders  of  Original  Design,  a series  of  Illuminated  Figures  of  the 
Apostles  from  the  Old  Masters,  six  Illuminated  Miniatures,  and  other  Embellishments.  By 
the  Illuminator  of  the  “Parables.”  Square  fcap.  Svo.  in  massive  carved  covers,  21s. ; or 
bound  in  morocco,  in  the  missal  style,  30s. 

MITCHELL.— JOURNAL  OF  AN  EXPEDITION  INTO  THE  INTERIOR  OF 

TROPICAL  AUSTRALIA,  in  Search  of  a Route  from  Sydney  to  the  Gulf  of  Carpentaria. 
By  Lieut. -Colonel  SirT.  L.  Mitchell.  Knt.  D.C.L.  Surveyor-General  of  New  South  Wales, 
and  late  elective  Member  of  the  Legislative  Council  of  that  Colony.  Svo.  with  Maps,  Views, 
and  Engravings  of  Objects  of  Natural  History,  21s.  cloth. 
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MOHAN  LAL.— LIFE  OF  THE  AMIR  DOST  MOHAMMED  KHAN  OF 

KABUL:  with  his  Political  Proceedings  towards  the  English,  Russian,  and  Persian  Govern- 
ments, including  the  Victory  and  Disasters  of  the  British  Army  in  Afghanistan.  By  Mohan 
Lai,  Ksa.,  Knight  of  the  Persian  Order  of  the  Lion  and  Sun;  lately  attached  to  the  Mission 
in  Kabul.  2 vols.  8vo.  with  numerous  Portraits,  30s.  cloth. 

MONTGOMERY’S  (JAMES)  POETICAL  WORKS. 

New  and  only  complete  Edition.  With  some  additional  Poems,  and  Autobiographical 
Prefaces.  Collected  and  edited  by  Mr.  Montgomery . 4 vols.  foolscap  8vo.  with  Portrait,  and 

seven  other  Plates,  20*.  cloth  ; bound  in  morocco.  If.  16*. 

MOORE’S  POETICAL  WORKS; 

Containing  the  Author’s  recent  Introduction  and  Notes.  Complete  in  one  volume,  uniform 
with  Lord  Byron’s  Poems.  Medium  Svo.  with  Portrait  and  Vignette,  11.  Is.  cloth;  or  42*. 
bound  in  morocco,  by  Hayday. 

*»•  Also,  an  Edition  in  10  vols.  foolscap  8vo.  with  Portrait,  and  19  Plates,  21.10*.  cloth; 
morocco,  41.  10*. 

MOORE’S  LALLA  ROOKH.  AN  ORIENTAL  ROMANCE. 

New  Edition.  Medium  Svo.  illustrated  with  13  fine  Engravings, 21*.  cloth ; morocco,  35*.; 
with  India  Proof  Plates,  42*.  cloth. 

MOORE’S  LALLA  ROOKH.  AN  ORIENTAL  ROMANCE. 

New  Edition.  Foolscap  8vo.  with  4 Plates,  by  Westall,  10*.  6 d.  cloth;  or  14*.  bound  in 
morocco. 

MOORE’S  IRISH  MELODIES. 

Illustrated  by  D.  Maclise,  R.A.  Imp.  Svo.  with  161  Designs,  engraved  on  Steel,  31.  3*. 
boards;  or 41.  14*.  6tf.  bound  in  morrocco,  by  Hayday.  Proof  Impressions  (only  200  copies 
printed,  of  which  a few  remain),  61.  6*.  boards. 

•»*  India  Proofs  before  letters  of  the  161  Designs,  on  Quarter  Colombier,  in  Portfolio 
(only  25  copies  printed,  of  which  a few  remain ),  311. 10*. 

India  Proofs  before  letters  of  the  51  large  Designs,  on  Quarter  Colombier,  in  Portfolio 
(only  25  copies  printed,  of  which  a few  remain J,  181.  18*. 

MOORE’S  IRISH  MELODIES. 

New  Edition.  Fcap.  Svo.  with  Vignette  Title,  10*.  cloth  ; bound  in  morocco,  13*.  6 d. 

MOORE.— THE  POWER  OF  THE  SOUL  OVER  THE  BODY, 

Considered  in  relation  to  Health  and  Morals.  By  George  Moore,  M.D.  Member  of  the 
Royal  College  of  Physicians,  London,  etc.  New  Edition.  Post  Svo.  7».6d.  cloth. 

MOORE.— THE  USE  OF  THE  BODY  IN  RELATION  TO  THE  MIND. 

Bv  George  Moore,  M.D.  Member  of  the  Royal  College  of  Physicians,  London,  etc.  New 
Edition.  Post  8vo.  9*.  cloth. 

MOORE.— MAN  AND  HIS  MOTIVES. 

By  George  Moore,  M.D.  Member  of  the  Royal  College  of  Physicians,  London,  etc.;  author 
of  “The  Power  of  the  Soul  over  the  Body,”  and  “The  Use  of  the  Body  in  relation  to  the 
Mind.”  Post  Svo.  8*.  cloth.  ^ 

MORAL  OF  FLOWERS  (THE). 

New  Edition.  Royal  Svo.  with  24  beautifully  coloured  Engravings,  11. 10*.  half-bound. 

MOSELEY.— ILLUSTRATIONS  OF  PRACTICAL  MECHANICS. 

By  the  Rev.  H.  Moseley,  M.A.,  Professor  of  Natural  Philosophy  and  Astronomy  in  King’s 
College,  London  ; author  of  “ The  Mechanical  Principles  of  Engineering  and  Architec- 
ture.” New  Edition.  Fcap. Svo.  with  Woodcuts, 8*. cloth. 

MOSELEY.— THE  MECHANICAL  PRINCIPLES  OF  ENGINEERING  AND 

ARCHITECTURE.  By  the  Rev.  H.  Moseley,  M.A.  F.R.S.,  Professorof  Natural  Philosophy 
and  Astronomy  in  King’s  College,  London;  and  author  of  “ Illustrations  of  Practical 
Mechanics, ’’etc.  8vo.  with  Woodcuts  and  Diagrams,  11.4*.  cloth. 

MOSHEIM’S  ECCLESIASTICAL  HISTORY, 

Ancient  and  Modern.  Translated,  with  copious  Notes,  by  James  Murdock,  D.D.  New 
Edition,  revised,  and  continued,  by  the  Rev.  Henry  Soames,  M.A.  4 vols.  8vo.  48*.  cloth. 
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MURRAY.— AN  ENCYCLOPEDIA  OF  GEOGRAPHY; 

• comprising  a complete  Description  of  the  Earth:  exhibiting  its  Relation  to  the  Heavenly 
Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry,  Com- 
merce, Political  Institutions  and  Civil  and  Social  State  of  all  Nations.  By  Hugh  Murray, 
F.R.S. E.  New  Edition.  Svo.  with  82  Maps,  and  upwards  of  1,000  other  Wood  En- 
gravings, 3f.  cloth. 

NECKER  DE  SAUSSURE. — PROGRESSIVE  EDUCATION; 

Or,  Considerations  on  the  Course  of  Life.  Translated  and  Abridged  from  the  French  of 
Madame  Necker  De  Saussure,  by  Miss  Holland.  3 vols.  foolscap  8vo.  19*.  6 d.  cloth. 

*m*  Separately — volt.  I.  and  11.  12*. ; vol.  III.  7»-  Gd. 


OWEN.  — LECTURES  ON  THE  COMPARATIVE  ANATOMY  AND  PHYSI- 
OLOGY OFTHE  INVERTEBRATE  ANIMALS,  delivered  at  the  RoyalCollege  ofSurgeons 
in  1843.  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College.  From  Noteslaken 
by  William  White  Cooper,  M.R.C.S.  and  revised  by  Professor  Owen.  With  Glossary  and 
Index.  8vo.  with  nearly  140  Woodcuts,  14*.  cloth. 

OWEN.— LECTURES  ON  THE  COMPARATIVE  ANATOMY  AND 

PHYSIOLOGY  of  the  VERTEBRATE  ANIMALS,  delivered  at  the  Royal  College  of 
Surgeons  in  1844  and  1846.  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College. 
In  2 vols.  Vol.  I.  8ro.  with  numerous  Woodcuts,  14*.  cloth. 

PARABLES  OF  OUR  LORD. 

Richly  Illuminated  with  appropriate  Borders,  printed  in  Colours,  and  in  Black  and  Gold  ; 
with  a Design  from  one  of  the  early  German  engravers.  Square  foolscap  8vo.,  uniform  in 
size  with  the  “Sermon  on  the  Mount,”  21*.,  in  a massive  carved  binding;  morocco, 30*., 
bound  by  Hayday. 

PARKES.— DOMESTIC  DUTIES; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households  and  the 
Regulation  of  their  Conduct  in  the  various  Relations  and  Duties  of  Married  Life.  By  Mrs. 
W.  Parkes.  New  Edition.  Foolscap  8vo.  9*.  cloth. 


PARNELL.— A TREATISE  ON  ROADS, 

Wherein  the  Principles  on  which  Roads  should  be  made  are  explained  and  illustrated  by  the 
Plans,  Specifications,  and  Contracts,  made  use  of  by  Thomas  Telford,  Esq.,  on  the  Holy- 
head  Road.  By  the  Rt.  Hon.  Sir  Henry  Parnell,  Bart.  New  Edition,  enlarged.  8vo.  with 
Nine  Plates,  21*.  cloth. 

PAPROT.-THE  ASCENT  OF  MOUNT  ARARAT. 

By  Dr.  Friedrich  Parrot,  Professor  of  Natural  Philosophy  in  the  University  of  Dorpat, 
Russian  Imperial  Councillor  of  State,  etc.  Translated  and  Edited  by  W.  D.  Cooley,  Esq. 
author  of  the  “ History  of  Maritime  and  Inland  Discovery,"  etc.  8vo.  with  a Map  by  Arrow- 
smith,  and  Woodcuts,  14*.  cloth. 


PEREIRA.— A TREATISE  ON  FOOD  AND  DIET: 

With  Observations  on  the  Dietctieal  Regimen  suited  for  Disordered  States  of  the  Digestive 
Organs ; and  an  Account  of  the  Dietaries  of  some  of  the  principal  Metropolitan  and  other 
Establishments  for  Paupers,  Lunatics,  Criminals,  Children,  the  Sick,  etc.  By  Jon.  Pereira, 
M.D.  F.R.S.,  author  of  “Elements  of  Materia  Medica.”  Svo.  16*.  cloth. 

PERICLES: 

A Tale  of  Athens  in  the  83d  Olympiad.  By  the  Author  of  “A  Brief  Sketch  of  Greek  Philo- 
sophy.” 2 vols.  post  Svo.  18*.  cloth. 

PESCHEL  (C.  F.)— ELEMENTS  OF  PHYSICS, 

By  C.  F.  Feschel,  Principal  of  the  Royal  Military  College,  Dresden,  etc.  etc.  Translated 
from  the  German,  with  Notes,  by  E.  West.  3 vols.  fcap.  Svo.  with  Woodcuts,  21*.  cloth. 

r Part  I.  The  Physics  of  Ponderable  Bodies.  Fcap.  Svo.  7*.  6 d.  cloth. 
Separately-  Part  II.  Imponderable  Bodies  (Light,  Heat,  Magnetism,  Electricity, 
and  Electro-Dynamics) . 2 vols.  fcap.  Svo.  13*.  6<f.  cloth. 

PHILLIPS. — FICURES  & DESCRIPTIONS  OF  THE  PALAEOZOIC  FOSSILS  OF 

CORNWALL,  DEVON,  and  WEST  SOMERSET ; observed  in  the  course  of  the  Ordnance 
Geological  Survey  of  that  District.  By  John  Phillips,  F.R.S.  F.G.S.  etc.  Published  by 
Order  of  the  Lords  Commissioners  of  H.  M.  Treasury.  8vo.  with  60  Plates,  comprising 
very  numerous  Figures,  9*.  cloth. 
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PHILLIPS.— AN  ELEMENTARY  INTRODUCTION  TO  MINERALOGY  ; 

Comprising  n Notice  of  the  Characters,  Properties,  and  Chemical  Constitution  of  Minerals: 
with  Accounts  of  the  Places  and  Circumstances  in  which  they  are  found.  By  William 
Phillips,  F.L.S.  M.G.S.etc.  A New  Edition,  corrected,  enlarged,  and  improved,  by  W.  H. 
Miller,  M. A.  F.U  S.  Professor  of  Mineralogy  in  the  University  of  Cambridge.  8vo.  with 
numerous  Wood  Engravings.  [In  the  pres*. 

PITMAN  (THE  REV.  J.  R.)— SERMONS 

On  the  principal  Subjects  comprised  in  the  Book  of  Psalms,  abridged  from  Eminent  Divines 
of  the  Established  Church.  By  the  Rev.  J.  R.  Pitman,  A.M.  Domestic  Chaplain  to  Her 
Royal  Highness  the  Duchess  of  Kent.  8vo.  14s.  cloth. 

PLUNKETT.— THE  PAST  AND  FUTURE  OF  THE  BRITISH  NAVY. 

By  Captain  the  Hon.  E.  Plunkett,  R.N.  2d  Edition,  corrected  and  enlarged;  with  Notes, 
and  New  Information  communicated  by  several  Officers  of  Distinction.  Post  8vo.  8*.  6<f. 
cloth. 

THE  POCKET  AND  THE  STUD* 

Or,  How  to  procure  and  keep  Horses,  with  some  regard  to  obtaining  the  Animal  required, 
and  to  keeping  him  without  emptying  the  Pocket.  Being  the  result  of  many  years’  experience 
of"  Harry  llieover.”  Foolscap  Svo.  with  a Portrait  of  “One  of  the  Stud,”  from  a Sketch 
by  “ Harry  Hieover.”  [Nearly  ready, 

POETS’  PLEASAUNCE  (THE); 

Or,  Garden  of  all  Sorts  of  Pleasant  Flowers,  which  our  Pleasant  Poets  have  in  Past  Time 
(for  Pastime)  Planted.  By  Eden  Warwick.  Square  crown  8vo.  with  Twenty-nine  Orna- 
mental Borders  composed  of  Flowers  and  Insects , engraved  on  Wood, 30*.  boards;  or  43*. 
bound  in  morocco,  by  Hayday. 

PORTLOCK.  - REPORT  ON  THE  CEOLOCY  OF  THE  COUNTY  OF 

LONDONDERRY,  and  of  Parts  of  Tyrone  and  Fermanagh,  examined  and  described  under 
the  Authority  of  the  Master-General  and  Board  of  Ordnance.  By  J.  E.  Portlock,  F.R.S.etc. 
8vo.  with  48  Plates,  24*.  cloth. 

PYCROFT.— A COURSE  OF  ENGLISH  READING; 

Adapted  to  every  Taste  and  Capacity.  With  Anecdotes  of  Men  of  Genius.  By  the  Rev. 
James  Pycroft,  B.  A.,  author  of  “ Greek  Grammar  Practice,”  and  “ Latin  Grammar  Practice 
Editor  of  “ Virgil,  with  Marginal  References.”  Foolscap  8vo.  6*.  6 d.  cloth. 

RANKE  (PROFESSOR).— RANKE’S  HISTORY  OF  THE  REFORMATION. 

Translated  by  Sarah  Austin,  translator  of  Ranke’s  “History  of  the  Popes.”  Vols.  I.aud  II. 
Svo.  30*.;  Vol.  III.  18*.  cloth. 

READER  (THOMAS).— TIME  TABLES. 

On  a New  and  Simplified  Plan;  to  facilitate  the  Operation  of  Discounting  Bills,  and  the 
Calculation  of  Interest  on  Banking  and  Current  Accounts,  etc. : shewing,  without  calcula- 
tion, the  Number  of  Days  from  every  Day  in  the  Year  to  any  other  Day,  for  any  Period  not 
exceeding  365  Days.  By  Thomas  Reader.  Post  Svo.  14*.  cloth,  or  17*.  calf  lettered. 

REID  (DR.)— ILLUSTRATIONS  OF  THE  THEORY  AND  PRACTICE  OF 

VENTILATION : with  Remarks  on  Warming,  Exclusive  Lighting,  and  the  Communication 
of  Sound.  By  D.  B.  Reid,  M.D.  F.R.S.E.  etc.  8vo.  with  Engravings  on  Wood,  16*.  cloth. 

RENAUD.— MATUTINA  : 

Morning  Readings,  chiefly  Practical,  selected  and  original.  Adapted  to  the  use  of  the 
Younger  Members  of  the  Church  of  England.  By  the  Rev.  George  Renaud,  M.A.  late 
Fellow  of  C.  C.  C.  Oxford.  Fcap.  8vo.  5*.  cloth. 

REPTON.— THE  LANDSCAPE  CARDENINC  & LANDSCAPE  ARCHITECTURE 

of  the  late  Humphrey  Uepton,  Esq.;  being  his  entire  Works  on  these  subjects.  A New 
Edition,  with  an  Historical  and  Scientific  Introduction,  a systematic  Analysis,  a Biographical 
Notice,  Notes,  and  a copious  Alphabetical  Index.  By  J.  C.  Loudon,  F.L.S.,  etc.  8vo.  with 
a Portrait  and  upwards  of  250  Engravings,  30*.  cloth  ; with  coloured  Plates, 3/.  6*.  cloth. 

REST  IN  THE  CHURCH. 

By  the  Author  of  “ hrorn  Oxford  to  Rome  ; and,  How  it  Fared  with  Some  who  lately  made 
the  Journey.”  New  Edition.  Fcap.  8vo. 6*.  6rf. cloth. 

RICH.— AN  ILLUSTRATED  COMPANION  TO  THE  LATIN  DICTIONARY; 

Being  a Dictionary  of  all  the  Words  respecting  Visible  Objects  connected  with  the  Arts, 
Science,  and  Every-day  Life  of  the  Ancients  Illustrated  by  about  Two  Thousand  Engravings 
on  Wood,  from  the  Autique.  By  Anthony  Rich,  jun.  B.A.  late  of  Caius  College,  Cambridge  ; 
and  one  of  the  contributors  to  Dr.  Smith’s  “ Dictionary  of  Greek  and  Roman  Antiquities.” 
Post  8vo.  with  2,0UU  Woodcuts,  IS*,  cloth. 
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RICHTER.— LEVANA  ; OR,  THE  DOCTRINE  OF  EDUCATION. 

Translated  from  the  German  of  Jean  Paul  Fr.  Richter.  Post  8vo.  10s.  6 rf.  cloth. 

RIDDLE.— A COMPLETE  ENCLISH- LATIN  AND  LATIN-ENCLISH  DIC- 
TIONARY, from  the  best  sources,  chiefly  German.  By  the  Rev.  J.  E.  Riddle,  M.A.  New 
Edition.  8vo.  31s.  6 d.  cloth. 

***  Separately— TheEuglish-Latin  Dictionary,  10s.  6d.;  the  Latin-English  Dictionary,  21*. 

RIDDLE.— A DIAMOND  LATIN-ENCLISH  DICTIONARY. 

A Guide  to  the  Meaning,  Quality,  and  right  Accentuation  of  Latin  Classical  Words.  By 
the  Rev.  J.  E.  Riddle,  M.A.  New  Edition.  Royal  32mo.  4s.  bound. 

RIDDLE.— LETTERS  FROM  AN  ABSENT  CODFATHER ; 

Or,  a Compendium  of  Religious  Instruction  for  Young  Persons.  By  the  Rev.  J.  E.  Riddle, 
M.A.  Foolscap  8vo. 6s.  cloth. 

RIDDLE.— ECCLESIASTICAL  CHRONOLOGY; 

Or,  Annals  of  the  Christian  Church,  from  its  Foundation  to  the  present  Time.  Containing  a 
View  of  General  Church  History,  and  the  Course  of  Secular  Events  ; the  Limits  of  the  Church 
and  its  Relations  to  the  State  ; Controversies  ; Sects  and  Parties  ; Rites,  Institutions,  and 
Discipline;  Ecclesiastical  Writers,  etc.  By  the  Rev.  J.  E.  Riddle,  M.A.  8vo.  15s.  cloth. 

RITCHIE  (ROBERT.)— RAILWAYS:  THEIR  RISE  AND  PROCRESS,  AND 

CONSTRUCTION,  with  Remarks  on  Railway  Accidents,  and  Proposals  for  their  Preven- 
tion. By  Robert  Ritchie,  Esq.,  F. R.  S.,  S.  A.,  Civil  Engineer,  Associate  of  the  Institution 
of  Civil  Engineers,  etc.  Fcap.  8vo.  with  Woodcuts  and  Diagrams,  9*.  cloth. 

RIVERS.— THE  ROSE  AMATEUR’S  CUIDE : 

Containing  ample  Descriptions  of  all  the  fine  leading  varieties  of  Roses,  regularly  classed  in 
their  respective  Families;  their  History  and  Mode  of  Culture.  By  T.  Rivers,  Jun.  Fourth 
Edition,  corrected  and  improved.  Foolscap  8vo.  6s.  cloth. 

ROBINSON.— THE  WHOLE  ART  OF  MAKINC  BRITISH  WINES,  CORDIALS, 

AND  LIQUEURS,  IN  THE  GREATEST  PERFECTION;  AS  ALSO  STRONG  AND 
CORDIAL  WATERS.  To  which  is  added,  a Collection  of  Valuable  Recipes  for  Brewing 
Fine  and  Strong  Ales,  and  Miscellaneous  Articles  connected  with  the  Practice.  By  James 
Robinson.  Fcap.  8vo.  6*.  cloth. 

ROBINSON  (JAMES).— THE  WHOLE  ART  OF  CURING,  PICKLING, 

and  SMOKING  MEAT  and  FISH,  both  in  the  British  and  Foreign  Modes.  With  many 
useful  Miscellaneous  Recipes,  and  full  Directions  for  the  Construction  of  an  Economical 
Drying-Chimney  and  Apparatus,  on  an  entirely  new  Plan.  By  James  Robinson,  Eighteen 
Years  a Practical  Curer.  Fcap.  8vo.  4s.  6 rf.  cloth. 

ROGERS.— THE  VEGETABLE  CULTIVATOR; 

Containing  a plain  and  accurate  Description  of  all  the  different  Species  of  Culinary  Vegetables, 
with  the  most  approved  Method  of  Cultivating  them  by  Natural  and  Artificial  Means,  and  the 
best  Modes  of  Cooking  them.  By  John  Rogers,  author  of  “The  Fruit  Cultivator.'’  New 
Edition.  Foolscap  8vo.  7s.  cloth. 

ROGET.— THE  ECONOMIC  CHESS-BOARD; 

Being  a Chess-Board,  provided  with  a complete  set  of  Chess-Men,  for  playing  Games  in 
carriages,  or  out  of  doors,  and  for  folding  up,  and  carrying  in  the  pocket,  without  dis- 
turbing the  Game.  Invented  by  P.  M.  Roget,  M.D.  and  registered  according  to  Act  of 
Parliament.  New  Edition.  In  a neat  fcap.  8vo.  case,  price  2s.  6rf. 

ROWTON.— THE  FEMALE  POETS  OF  CREAT  BRITAIN, 

Chronologically  arranged;  with  copious  Selections,  and  Critical  Remarks.  By  Frederic 
Rowton,  author  of  “ The  Debater,”  etc.  Square  crown  8vo.  14s.  cloth. 

ROWTON  (F.)— THE  DEBATER; 

Being  a Series  of  complete  Debates,  Outlines  of  Debates,  and  Questions  for  Discussion. 
With  ample  references  to  the  best  sources  of  information  upon  each  particular  topic.  By 
Frederic  Rowton,  Lecturer  on  General  Literature.  Foolscap  8vo.  6s.  cloth. 

SANDBY.— MESMERISM  AND  ITS  OPPONENTS. 

By  George  Sandby,  M.A.  Vicar  of  Flixton,  Suffolk.  Second  Edition,  considerably  enlarged  ; 
with  an  introductory  Chapter  on  the  Hostility  of  Scientific  and  Medical  Men  to  Mesmerism. 
16mo.  5s.  cloth;  or  in  two  Parts,  2s.  each,  sewed. 

SANDFORD  (REV.  JOHN).-PAROCHIALIA, 

or  Church,  School,  and  Parish.  By  the  Rev.  John  Sandford,  B.D.  Vicar  of  Dunchurch, 
Chaplain  to  the  Lord  Bishop  of  Worcester,  Hon.  Canon  of  Worcester,  ,and  Rural  Dean. 
8vo.  with  numerous  Woodcuts,  16s.  cloth. 
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SANDFORD. — WOIVIAN  IN  HER  SOCIAL  AND  DOMESTIC  CHARACTER. 

By  Mrs.  John  Sandford.  Gth  Edition.  Foolscap  8vo.  6s.  cloth. 

SANDFORD.— FEMALE  IMPROVEMENT. 

By  Mrs.  John  Sandford.  New  Edition.  Foolscap  8vo.  7s.  cloth. 

SCHOMBURGK.— THE  HISTORY  OF  BARBADOS:' 

Comprising  a Geographical  and  Statistical  Description  of  the  Island;  a Sketch  of  the 
Historical  Events  since  the  Settlement;  and  an  Account  of  its  Geology  and  Natural  Pro- 
ductions. By  Sir  Robert  H Schomburgk,  Ph.D.  K.lt.E.  etc.  Royal  Svo.  with  Chart,  Views, 
and  Engravings,  31s.  6 d.  cloth. 

SCHOMBURGK.— A TOPOGRAPHICAL  MAP  OF  THE  ISLAND  OF  BAR- 
BADOS, based  upon  Mayo’s  Original  Survey  in  1721,  and  corrected  to  the  year  1846.  By 
Sir  Robert  H.  Schomburgk,  Ph.D.  K.R.E.  Engraved  by  Arrowsmith,  on  2 large  sheets, 
21s.  coloured. 

SCHOPENHAUER  — YOUTHFUL  LIFE  AND  PICTURES  OF  TRAVEL  : 

Being  the  Autobiography  of  Madame  Schopenhauer.  Translated  from  the  German.  2vols. 
foolscap  Svo.  12s.  boards. 

SEAWARD.— SIR  EDWARD  SEAWARD’S  NARRATIVE  OF  HIS  SHIPWRECK , 

and  consequent  Discovery  of  certain  Islands  in  the  Caribbean  Sea:  with  a Detail  of  many 
extraordinary  and  highly  interesting  Events  in  his  Life,  from  1733  to  1749,  as  written  in  his 
own  Diary.  Edited  by  Miss  Jane  Porter.  New  Edition.  2 vols.  post  Svo.  21s.  cloth. 

SELECT  WORKS  OF  THE  BRITISH  POETS: 

From  Chaucer  to  Withers.  With  Biographical  Sketches,  by  R.  Southey,  LL.D.  Medium 
8vo.  30s.  cloth  ; or,  with  gilt  edges,  31s.  6<f. 

SELECT  WORKS  OF  THE  BRITISH  POETS: 

From  Ben  Jonson  to  Coleridge.  With  Biographical  and  Critical  Prefaces  by  Dr.  Aikin.- 
A New  Edition,  with  additional  Selections,  from  more  recent  Poets,  by  Lucy  Aikin.  Medium 
8vo.  18s.  cloth. 

The  peculiar  feature  of  these  two  works  is,  that  the  Poems  included  ar  e printed  entire 
without  mutilation  or  abridgment. 

THE  SERMON  ON  THE  MOUNT. 

Intended  as  a Birthday-Present,  or  Gift-Book  for  all  Seasons.  Printed  in  Gold  and  Colours, 
in  the  Missal  Style  ; with  Ornamental  Borders  by  Owen  Jones,  Architect,  and  an  Illuminated 
Frontispiece  by  W.  Boxall,  Esq.  A new  edition.  Foolscap  4to.  in  a rich  brocaded  silk  cover, 
21s.;  or  bound  in  morocco,  by  Hayday,  25s. 

SHAKSPEARE,  BY  BOWDLER. 

THE  FAMILY  SHAKSPEARE  , in  which  nothing  is  added  to  the  Original  Text ; butthose 
Words  and  Expressions  are  omitted  which  cannot  with  propriety  be  read  aloud.  By  T. 
Bowdler,  Esq.  F.U.S.  New  Edition.  8vo.  with  36  Illustrations  after  Smirke,  etc.,  21s. 
cloth ; or,  without  Illustrations,  8 vols.  8vo.  4/.  14s.  6 d.  boards. 

SHORT  WHIST: 

Its  Rise,  Progress,  and  Laws;  with  the  recent  Decisions  of  the  Clubs, and  Observations  to 
make  any  one  a Whist  Player.  Containing  also  the  Laws  of  Piquet,  Cassino.  Ecarte,  Cribbage, 
Backgammon.  By  Major  A *****  New  Edition.  Towhich  are  added,  Precepts  forTyros. 
By  Mrs.  B *****  Foolscap  8vo.  3s.  cloth,  gilt  edges. 

THE  GOOD  SHUNAMMITE. 

From  the  Scriptures— 2 Kings,  chap.  IV.  8 to  37-  With  Six  Original  Designs  by  A.  Klein, 
and  au  Ornamental  Border  to  each  page,  in  the  Missal  style,  by  L.  Gruner.  Printed  in 
Colours  and  Gold.  Square  fcap.  Svo.  uniform  in  size  with  “ Miracles  of  our  Lord,”  21s.  in 
massive  carved  covers  ; or  30s.  bound  in  morocco,  in  the  Missal  style. 

SINCLAIR.— THE  BUSINESS  OF  LIFE. 

By  Catherine  Sinclair,  author  of  “The  Journey  of  Life,”  “Jane  Bouverie,”  “Modern 
Accomplishments,”  “ Modern  Society,”  etc.  2 vols.  fcap.  8vo.  10s.  cloth. 

“ The  book,  without  being  of  a directli / devotional  character , or  belonging  to  the  class  of 
light  reading,  combines  several  of  the  best  qualities  of  both,  and  makes  general  literature 
and  entertaining  anecdote  serve  as  handmaids  to  religions  instruction.  We  have  seen  many 
pompous  treatises  containing  not  half  the  talent  or  a tithe  of  the  knowledge  compressed  into 
these  unpretending  little  volumes .” — Britannia. 
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SINCLAIR.— THE  JOURNEY  OF  LIFE. 

By  Catherine  Sinclair,  author  of  “The  Business  of  Life,”  “Modern  Society,”  "Jane 
Bouverie,”  etc.  New  Edition,  corrected  and  enlarged.  Fcap.  8vo.  5*.  cloth. 

SINNETT.— BY-WAYS  OF  HISTORY,  FROM  THE  TWELFTH  TO  THE 

SIXTEENTH  CENTURY.  By  Mrs.  Percy  Sinnett.  2 toIs.  post  8ro.  18*.  cloth. 

THE  sketches; 

ThreeTales.  By  the  Authors  of  “Amy  Herbert,”  "The  King's  Messengers,”  and“  Hawk- 
stone.”  New  Edition.  Fcap.  8vo.  with  six  Plates,  8s.  cloth. 

SMITH.-SACRED  ANNALS: 

Or,  Researches  into  the  History  and  Religion  of  Mankind,  from  the  Creation  of  the  World 
to  the  Death  of  Isaac  : deduced  from  the  Writings  of  Moses  and  other  Inspired  Authors, 
copiously  illustrated  and  confirmed  by  the  ancient  Records,  Traditions,  and  Mythology  of 
the  Heathen  World.  By  George  Smith,  F.S.A.  etc.  author  of  “The  Religion  of  Ancient 
Britain,”  etc.  Crown  8vo.  10s.  cloth. 

SMITH  (GEORGE).— THE  RELICION  OF  ANCIENT  BRITAIN  HISTORICALLY 

CONSIDERED:  Or,  a Succinct  Account  of  the  several  Religious  Systems  which  have 
obtained  in  this  Island  from  the  Earliest  Times  to  the  Norman  Conquest:  including  an 
Investigation  into  the  Early  Progress  of  Error  in  the  Christian  Church,  the  Introduction  of 
the  Gospel  into  Britain,  and  the  State  of  Religion  in  Englnnd  till  Popery  had  gained  the 
Ascendancy.  By  George  Smith,  F.A.S.  New  Edition.  8ro.  7*.  6d.  cloth. 

SMITH  (GEORGE).— PERILOUS  TIMES: 

Or,  the  Agressions  of  Anti-Christian  Error  on  Scriptural  Christianity:  considered  in  refer- 
ence to  the  Dangers  and  Duties  of  Protestants.  By  George  Smith,  F.A.S . Member  of  the 
Royal  Asiatic  Society,  and  of  the  Royal  Society  of  Literature.  Foolscap  8vo.  6s.  cloth. 

SMITH  (JAMES).— THE  VOYACE  AND  SHIPWRECK  OF  SAINT  PAUL: 

with  Dissertations  on  the  Sources  of  the  Writings  of  St.  Luke,  and  the  Ships  and  Navigation 
of  the  Antients.  By  James  Smith,  Esq.  of  Jordauhill,  F.R.S.  etc.  8vo.  with  illustrative 
Views,  Charts,  and  Woodcuts,  14s.  cloth. 

SMITH.— AN  INTRODUCTION  TO  THE  STUDY  OF  BOTANY. 

Bv  Sir  J.  E.  Smith,  late  President  of  the  Linnsean  Society.  7th  Edition,  corrected  ; in  which 
tlie  object  of  Smith’s  “ Grammar  of  Botany”  is  combined  with  that  of  the  “Introduction.” 
By  Sir  William  Jackson  Hooker,  K.H.  LL.D.  etc.  8vo.  with  36  Steel  Plates,  16*.  cloth; 
with  coloured  Plates,  21. 12*. 6<f.  cloth. 

SMITH.— COMPENDIUM  OF  THE  ENCLISH  FLORA. 

By  Sir  J.  E.  Smith.  New  Edition , with  Additions  and  Corrections.  By  Sir  W.J.  Hooker. 
12mo.  7*.  6 d.  cloth. 

THE  SAME  IN  LATIN.  New  Edition.  12mo.  7*.6rf. 

SMITH.— THE  ENCLISH  FLORA. 

By  Sir  James  Edward  Smith,  M.D.  F.R.S. , late  President  of  the  Linnaaan  Society,  etc. 
6 vols.  8vo.  31. 12s.  boards. 

SMITH  (SYDNEY).— SERMONS  PREACHED  AT  ST.  PAUL’S  CATHE- 
DRAL, the  Foundling  Hospital,  and  several  Churches  in  London;  together  with  others 
addressed  to  a Country  Congregation.  By  the  late  Rev.  Sydney  Smith,  Canon  Residentiary 
of  St.  Paul’s  Cathedral.  8vo.  12*.  cloth. 

SMITH.— THE  WORKS  OF  THE  REV.  SYDNEY  SMITH. 

New  Edition,  with  Additions.  3 vols. 8vo.  with  Portrait,  36*.  cloth. 

SOAMES.— THE  LATIN  CHURCH  DURING  ANGLO-SAXON  TIMES. 

By  the  Rev.  Henry  Soames,  M.A.,  Editor  of  “ Mosheim’s  Institutes  of  Ecclesiastical 
History.”  8vo.  14*.  cloth. 

SOME  PASSAGES  FROM  MODERN  HISTORY. 

’ By  the  Author  of  “ Letters  to  My  Unknown  Friends,”  and  “Twelve  Year  go.”  Foolscap 
8vo.  6*.  6 d.  cloth. 

SOPHOCLES,  BY  LINWOOD. 

SOPHOCLIS  TRAGCEDIAi  SUPERSTITES.  Recensuit,  et  brevi  adnotatione  instruxit 
Gulielmus  Linwood,  A.M.  Aid  is  Christi  apud  Oxonienses  Alumnus.  8vo.  16*.  cloth. 
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SOUTHEY  (ROBERT).— THE  LATE  MR.  SOUTHEY’S  COMMON- 
PLACE BOOK;  comprising  his  Readings  and  Collections  in  History,  Biography, Manners 
and  Literature,  Voyages  and  Travels,  etc.  etc.  (/»  the  prat. 

SOUTHEY  (ROBERT)— THE  DOCTOR,  ETC. 

By  the  late  Robert  Southey.  A New  Edition,  complete  in  One  Volume.  Edited  by  the 
Author’s  Son-in-Law,  the  Rev.  John  Wood  Warter.  Squnre  crown  8vo.,  with  Portrait, 
Vignette  Title-page,  and  Bust  of  the  Author,  21*.  cloth. 

SOUTHEY.— THE  LIFE  OF  WESLEY, 

And  Rise  and  Progress  of  Methodism.  By  Robert  Southey,  Esq.  LL.D.  New  Edition,  with 
Notes  by  the  late  Samuel  Taylor  Coleridge,  Esq.,  and  Remarks  on  the  Life  and  Character 
of  John  Wesley,  by  the  late  Alexander  Knox,  Esq.  Edited  by  the  Rev.  Charles  Cuthbert 
Southey,  A.M.  Curate  of  Cockermouth.  2 vols.  8vo.  with  two  Portraits,  If.  8*.  cloth. 

SOUTHEY’S  (ROBERT)  COMPLETE  POETICAL  WORKS: 

Containing  all  the  Author’s  last  Introductions  and  Notes.  Complete  in  One  Volume,  24*.  6 d., 
with  Portrait  and  Vignette,  uniform  with  Byron’s  and  Moore’s  Poetical  Works.  Medium  Svo. 
21*.  cloth;  or  42*.  bound  in  morocco,  by  Hayday. 

Also,  an  Edition  in  10  vols.  foolscap  8vo.  with  Portrait  and  19  Plates,  21. 10*.;  morocco,  41. 10*. 

SPIRIT  OF  THE  WOODS  (THE). 

Bv  the  Author  of  “The  Moral  of  Flowers.”  New  Edition.  Royal  8vo.  with  23  beautifully 
coloured  Engravings  of  the  Forest  Trees  of  Great  Britain,  1/.  11*.  6d.  cloth. 

STABLE  TALK  AND  TABLE  TALK;  OR,  SPECTACLES  FOR  YOUNC 

SPORTSMEN.  By  Harry  Hieover.  2 vols.  8vo.  with  Portrait,  24*.  cloth. 

STEEL’S  SHIPMASTER’S  ASSISTANT. 

Compiled  for  the  use  of  Merchants,  Owners  and  Masters  of  Ships,  Officers  of  Customs,  and 
all  Persons  connected  with  Shipping  or  Commerce  ; containing  the  Law  and  Local  Regula- 
tions affecting  the  Ownership,  Charge,  and  Management  of  Ships  and  their  Cargoes; 
together  with  Notices  of  other  Matters,  and  all  necessary  Information  for  Mariners.  New 
Edition,  rewritten  throughout.  Flditcd  by  Graham  Willmore,  Esq.  M.A.  Barrister-at-Law  ; 
George  Clements,  of  the  Customs,  London,  and  William  Tate,  author  of  “The  Modern 
Cambist.”  8vo. 28*.  cloth ; or  29*.  bound. 

STEPHEN.— THE  HISTORY  OF  THE  CHURCH  OF  SCOTLAND, 

From  the  Reformation  to  the  Present  Time.  By  Thomas  Stephen,  author  of  “ The  Book  of 
the  Constitution,”  “ Spirit  of  the  Church  of  Rome,”  etc.  4 vols.  8vo.  with  24  highly-finished 
Portraits,  engraved  on  Steel,  32*.  cloth. 

STEPIIENS.-A  MANUAL  OF  BRITISH  COLEOPTERA  ; 

Or,  BEETLES  : containing  a Description  of  all  the  Species  of  Beetles  hitherto  ascertained  to 
inhabitGrent  Britain  and  Ireland,  etc.  By  J.  F".  Stephens,  F'.L.S.  PostSvo.  14*. cloth. 

STEWART.— THE  MEANS  OF  FACILITATING  THE  TRANSFER  OF  LAND: 

In  Three  Lectures.  By  James  Stewart,  Esq.,  of  Lincoln’s  Inn,  Barrister.  Svo.  os.  cloth. 

THE  SUITOR’S  INSTRUCTOR  IN  THE  PRACTICE  OF  THE  COUNTY 

COURTS:  containing  all  the  Information  necessary  for  Conducting  or  Defending  a Suit; 
the  Fees  payable  on  each  Step  ; Definitions  of  the  Legal  Terms  used  in  the  Proceedings;  an 
Abstract  ot*  the  Act  of  Parliament;  the  Rules  of  Practice,  etc.  etc.  Also  a District  Direc- 
tory, giving  the  Names  of  all  the  Streets  (and  the  number  of  Houses  in  eaclr  Street)  which 
form  the  Boundaries  of  the  Metropolitan  Districts;  made  from  an  actual  Perambulation 
around  each:  and  a List  of  the  Country  Districts.  By  a County  Court  Assistant  Clerk. 
)2tno.  4*.  6 d.  cloth. 

SUMMERLY.— THE  SEA  AND  THE  RAILWAY  : 

Their  new  Relations  set  forth  in  a Jaunt  along  the  Manchester,  Sheffield,  and  Lincolnshire 
Railway  to  Grimsby  Docks,  by  F'elix  Summerly.  With  Woodcuts  by  C.  W.  Cope,  A.R-A. ; 
D.  Cox,  juu. ; T.  Creswick,  A.R.A. ; and  R.  Redgrave,  A.R.A.  [Nearly  ready. 

SYMONDS.— THE  LAW  RELATINC  TO  MERCHANT  SEAMEN, 

Arranged  chiefly  lor  the  use  of  Masters  and  Officers  in  the  Merchant  Service.  With  an 
Appendix,  containing  the  Act  7 & 8 Vic.  c.  112;  the  Regulations  under  which  Lascars  may 
hr.  employed  ; and  some  forms  of  Proceedings  before  Magistrates.  By  E.  W.  Syinonds,  Esq. 
Chief  Clerk  of  the  Thames  Police  Court.  Third  Edition.  12mo.  5*.  cloth. 

TATE— THE  CONTINUOUS  HISTORY  OF  THE  LIFE  AND  WRITINCS  OF 

ST.  PAUL,  on  the  basis  of  the  Acts  ; with  Intercalary  Matter  of  Sacred  Narrative,  supplied 
from  the  Flpistles,  and  elucidated  in  occasional  Dissertations  : with  the  Horae  Paulina;  of 
Dr.  Paley,  in  a more  correct  edition,  subjoiued.  By  James  Tate,  M.A.  8vo.  Map,  13*.  cloth. 
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TAYLER  (REV.  CHARLES  B.)— MARCARET; 

Or,  the  Pearl.  By  the  Rev.  Charles  B.  Tayler,  M .A.  Rector  of  St.  Peter’s,  Chester,  author 
of  “LadyMary;  or.  Not  of  the  World etc.  New  Edition.  Foolscap  8vo.  6s.  cloth. 

TAYLER  (REV. CHARLES  B.)— LADY  MARY;  OR,  NOT  OF  THE  WORLD. 

By  the  Rev.  Charles  B.  Tayler,  Rector  of  St.  Peter’s, Chester;  author  of  “Margaret,  or  the 
Pearl,”  etc.  New  Edition.  Foolscap  8vo.  with  a Frontispiece  engraved  by  J.  Absolon, 
6s.  6d.  cloth. 

TAYLOR.— LOYOLA  AND  JESUITISM. 

By  Isaac  Taylor.  Post8vo.  [In  the  Autumn. 

TAYLOR  (JEREMY).— BISHOP  JEREMY  TAYLOR’S  ENTIRE  WORKS: 

With  the  Life  of  Bishop  Heber.  Revised  and  corrected  by  the  Rev.  Charles  Page  Eden, 
Fellow  of  Oriel  College,  Oxford.  Vol.  II.  (the  first  in  the  order  of  publication)  contains  the 
Life  of  Christ  ; Vol.  III.  the  Holy  Living  and  Dying  ; Vol.  IV.  a Course  of  Sermons  for  all 
the  Sundays  of  the  Year.  8vo.  10s.  6<f.  each,  cloth. 

*,*  To  be  completed  in  Ten  Volumes,  price  10s.  6<f.  each.  Vol.  V.  containing  the 
Episcopacy,  etc.  is  nearly  ready. 

THIRLWALL.— THE  HISTORY  OF  CREECE. 

By  the  Right  Rev.  the  Lord  Bishop  of  St.  David’s.  A new  Edition,  revised;  with  Notes. 
Vols.  I.  to  IV.  demy  8vo.  with  Maps,  12s.  each  cloth.  To  be  completed  in  8 volumes. 

[Vol.  V.  is  nearly  ready. 

*»*  Also,  an  Edition  in  3 vols.fcap.  Svo.  with  Vignette  Titles,  21.  8s.  cloth. 

THOMSON’S  SEASONS. 

Edited,  with  Notes,  Philosophical,  Classical,  Historical,  and  Biographical,  by  Anthony  Todd 
Thomson, M.D.  F.L.S.,  Professor  of  Materia  Medica  and  Therapeutics,  and  of  Forensic 
Medicine,  in  University  College,  London,  etc.  Fcap.  8vo.  7s.  6 d.  cloth. 

THOMSON’S  SEASONS. 

Edited  by  Bolton  Corney,  Esq.  Illustrated  with  Seventy-seven  Designs  drawn  on  Wood  by 
the  Members  of  the  Etching  Club.  Engraved  by  Thompson  and  other  eminent  Engravers. 
Square  crown  8vo.  uniform  with  “ Goldsmith’s  Poems,”  21s.  cloth;  bound  in  morocco,  by 
Hayday,  36s. 

THOMSON.— EXPERIMENTAL  RESEARCHES  ON  THE  FOOD  OF  ANIMALS, 

AND  THE  FATTENING  OF  CATTLE,  with  Remarks  on  the  Food  of  Man.  By  Robert 
Dundas  Thomson,  M.D.  of  the  University  of  Glasgow.  Fcap.  Svo.  5s.  cloth. 

“ The  question  of  the  origin  of  the  fat  of  animals  appears  to  be  completely  resolved  by 
these  beautiful  and  elaborate  experiments." — Baron  Liebig. 

THOMSON  (JOHN).— TABLES  OF  INTEREST, 

At  Three,  Four,  Four-and-a-half,  and  Five  per  Cent.,  from  One  Pound  to  Ten  Thousand, 
and  from  One  to  Three  Hundred  and  Sixty-five  Days,  in  a regular  progression  of  Single 
Days ; with  Interest  at  all  the  above  Rates,  from  One  to  Twelve  Months,  and  from  One  to 
Ten  Years.  Also,  Tables  shewing  the  Exchange  on  Bills,  etc. etc. etc.  By  JohnThomson, 
Accountant.  New  Edition.  12mo.  8s.  bound. 

THOMSON.-THE  DOMESTIC  MANAGEMENT  OF  THE  SICK  ROOM, 

Necessary,  in  Aid  of  Medical  Treatment,  for  the  Cure  of  Diseases.  By  Anthony  Todd 
Thomson,  M.D.  F.L.S.  etc.  New  Edition.  Post  8vo.  10s.  6d.  cloth. 

TISCHENDORFF.— TRAVELS  IN  THE  EAST. 

By  Constantine  Tischendorff,  Editor  of  the  “ Codex  EphramiRescriptus,’’  “ Codex  Friderico- 
Augustanus,”  etc.  Translated  from  the  German  by  VV.  E.  Shuckard.  16mo.  6s.  6d.  cloth. 

TOMLINE  (BISHOP).— AN  INTRODUCTION  TO  THE  STUDY  OF  THE  BIBLE: 

Being  the  First  Volume  of  the  Elements  of  Christian  Theology  ; containing  Proofs  of  the 
Authenticity  and  Inspiration  of  the  Holy  Scriptures  ; a Summary  of  the  History  of  the  Jews  ; 
an  Account  of  the  Jewish  Sects  ; and  a brief  Statement  of  the  Contents  of  the  several  Books 
of  the  Old  Testament.  By  the  late  George  Tomline,  D.D.F.R.S.  NewEdition.  Foolscap  Svo. 
5s.  6 d.  cloth. 

TOOKE.— THE  HISTORY  OF  PRICES; 

With  reference  to  the  Causes  of  their  principal  Variations,  from  1792  to  the  Present  Time. 
Preceded  by  a Sketch  of  the  History  of  the  Corn  Trade  in  the  last  Two  Centuries.  By 
Thomas  Tooke,  Esq.  F.R.S.  3 vols.8vo.  21. 8s.  cloth. 

TOOKE.— THE  HISTORY  OF  PRICES, 

And  of  the  State  of  the  Circulation,  from  1839  to  1847,  inclusive:  with  a General  Review 
of  the  Currency  Question,  and  Remarks  on  the  Operation  of  the  Act  7 and  8 Viet.  c.  32 : 
being  a continuation  of  ‘‘The  History  of  Prices  from  1792  to  1839.”  By  Thomas  Tooke,  Esq. 
F.R.S . Svo.  18*.  cloth. 
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TOPHAM.-CHEMISTRY  MADE  EASY, 

Tor  the  Use  of  Agriculturists.  By  John  Topham,  A.M.  Rector  of  St.  Andrew,  St.  Mary 
Witton,  and  St.  Nicholas,  Droitwich.  New  Edition.  16mo.  2*.  sewed. 

TOWNSEND  (CHARLES).— THE  LIVES  OF  TWELVE  EMINENT  JUDGES 

OF  THE  LAST  AND  OF  THE  PRESENT  CENTURY.  By  W.  Charles  Townsend,  Esq., 
A.M.  Recorder  of  Macclesfield,  author  of  “Memoirs  of  the  House  of  Commons.”  2 toIs. 
8vo.  28*.  cloth. 

TURNER.— THE  SACRED  HISTORY  OF  THE  WORLD, 

Attempted  to  be  Philosophically  considered,  in  a Series  of  Letters  to  a Son.  By  Sharon 
Turner,  F.S.A.  and  R.A.S.L.  Eighth  Edition,  edited  by  the  Rev.  Sydney  Turner.  3 vols. 
post  8vo.  31*.  6<f.  cloth  . 


TURNER.— THE  HISTORY  OF  ENCLAND, 

From  the  Earliest  Period  to  the  Death  of  Elizabeth.  By  SharonTurner,  Esq.  F.  A.  S.  R.A.S.L. 
New  Editions.  12  vols.  8vo.  81.  3s.  cloth ; or,  separately — 

THE  HISTORY  of  the  ANGLO-SAXONS.  3 vols.  8vo.  2/.  5*. 

THE  HISTORY  of  ENGLAND  during  the  MIDDLE  AGES.  5 vols.  8vo.  31. 

THE  HISTORY  of  the  REIGN  of  HENRY  VIII.  2 vols.  8vo.  26*. 

THE  REIGNS  of  EDWARD  VI.,  MARY,  and  ELIZABETH.  2 vols.8vo.32*. 

TURTON’S  (DR.)  MANUAL  OF  THE  LAND  AND  FRESHWATER  SHELLS  OF 

THE  BRITISH  ISLANDS.  A new  Edition,  thoroughly  revised,  with  Additions.  By  John 
Edward  Gray.  Post  Svo.  with  Woodcuts,  and  12  coloured  Plates,  15*.  cloth. 

TWELVE  YEARS  AGO  : 

A Tale.  By  the  Author  of  “ Letters  to  My  Unknown  Friends.”  Foolscap  Svo.  6*.  6 d.  cloth. 

TWTSS. — ON  THE  RELATIONS  OF  THE  DUCHIES  OF  SCHLESWIC  AND 

HOLSTEIN  TO  THE  CROWN  OF  DENMARK  AND  THE  GERMANIC  CONFEDERA- 
TION, and  on  the  Treaty-Engagements  of  the  Great  European  Powers  in  reference  thereto. 
By  Travers  Twiss,  D.C.L.  F.R.S.,  Fellow  of  University  College,  Oxford,  and  Advocate  in 
Doctors  Commons.  8vo.  6*.  6 d.  cloth. 

TWISS.— VIEW  OF  THE  PROCRESS  OF  POLITICAL  ECONOMY  IN 

EUROPE  SINCE  THE  SIXTEENTH  CENTURY;  being  a Course  of  Lectures  delivered 
before  the  University  of  Oxford,  in  Michaelmas  Term  1846,  and  Lent  Term  1847.  By 
Travers  Twiss,  D.C.L.  F.R.S.  Professor  of  Political  Economy,  and  Fellow  of  University 
College,  Oxford.  8vo.  10*.  6 d.  cloth. 

URE.— DICTIONARY  OF  ARTS,  MANUFACTURES,  AND  MINES: 

Containing  a clear  Exposition  of  their  Principles  and  Practice.  By  Andrew  Ure,  M.D. 

F. R.S.  M.G.S.M.A.S.  Lond. ; M.  Acad.  N.S.  Philad. ; S.  Ph.  Soc.  N.  Germ.  Hanov. ; Mullii, 
etc.  etc.  3d  Edition,  corrected.  Svo.  with  1,240  Woodcuts,  50*.  cloth. 

By  the  same  Author, 

SUPPLEMENT  OF  RECENT  IMPROVEMENTS.  2d  Edition.  8vo.  14*.  cloth. 

VON  ORLICH  (C APT.)— TRAVELS  IN  INDIA, 

And  the  adjacent  Countries,  in  1842  and  1843.  By  Capt.  Leopold  Von  Orlich.  Translated 
from  the  German  by  H.  Evans  Lloyd,  Esq.  2 vols.  8vo.  with  coloured  Frontispieces,  and 
numerous  Illustrations  on  Wood,  25*.  cloth. 

WALFORD  (J.  E.)— 1 THE  LAWS  OF  THE  CUSTOMS, 

Compiled  by  Direction  of  the  Lords  Commissioners  of  Her  Majesty’s  Treasury,  and  pub- 
lished under  the  Sanction  of  the  Commissioners  of  Her  Majesty's  Customs;  with  Notes  and 
a General  1 ndex.  Edited  by  J.  G.  Walford,  Esq.  Solicitor  for  the  Customs.  Printed  for  Her 
Majesty’s  Stationery  Office,  and  published  by  Authority.  8vo.  10*.  6d.  cloth. 

WALKER.— ELEMENT  A LITURCICA  ; 

Or,  the  Churchman's  Primer,  for  the  Scholastic  Study  of  the  Book  of  Common  Prayer.  By 

G.  A.  Walker,  A.M.,  of  Christ  College,  Cambridge.  New  Edition,  entirely  rearranged  and 
considerably  enlarged.  Fcap.  8vo.  4*.  6 d.  cloth. 

WALKER  (GEO.)— CHESS  STUDIES  : 

Comprising  1,000  Games  actually  Played  during  the  last  Half  Century  ; presenting  a unique 
Collection  of  Classical  and  Brilliant  Specimens  of  Chess  Skill  in  every  stage  of  the  Game, 
and  forming  an  Encyclopaedia  of  Reference.  By  George  Walker.  8vo.  10*.  6tf.  sewed. 
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WARDLAW.— DISCOURSES  ON  THE  PRINCIPAL  POINTS  OF  THE  SOCINIAN 

CONTROVERSY— the  Unity  of  God,  and  the  Trinity  of  Persons  in  the  Godhead— the  Supreme 
Divinity  of  Jesus  Christ — the  Doctrine  of  the  Atonement,— the  Christian  Character  etc 
By  Ralph  Wardlaw,  D.D.  New  Edition.  8vo.  15*. cloth. 

WATERTON.-ESSAYS  ON  NATURAL  HISTORY, 

Chiefly  Ornithology.  By  Charles  Waterton,  Esq.,  author  of  "Wanderings  in  South 
America.”  With  an  Autobiography  of  the  Author,  and  a View  of  Walton  Hall.  New  Edition 
Foolscap  8vo.  8s.  cloth. 

SECOND  SERIES.  With  Continuation  of  Mr.  Waterton’s  Autobiography.  New  Edition 
Fcap.  8vo.  with  Vignette  by  T.  Creswick,  A. R.A.  6*. 6d.  cloth. 

WEBSTER.— AN  ENCYCLOPAEDIA  OF  DOMESTIC  ECONOMY  ; 

Comprising  such  subjects  as  are  most  immediately  connected  with  Housekeeping}  as. 
The  Construction  of  Domestic  Edifices,  with  the  Modes  of  Warming,  Ventilating,  and 
Lighting  them— A Description  of  the  various  Articles  of  Furniture,  with  the  Nature  of'their 
Materials— Duties  of  Servants,  etc.  etc.  By  Thomas  Webster,  F.G.S.,  etc.  etc.;  assisted 
by  the  late  Mrs.  Parkes.  New  Edition.  8vo.  with  nearly  1,000  Woodcuts,  50*.  cloth. 

WESTWOOD  (J.O.) -AN  INTRODUCTION  TO  THE  MODERN  CLASSIFI- 
CATION OF  INSECTS;  founded  on  the  Natural  Habits  and  comparative  Organisation  of 
the  different  Families.  By  J.  O.  Westwood,  F.  L.  S.  etc.  2 vols.  8vo.  with  numerous 
Illustrations,  21.  7s.  cloth. 

WILBERFORCE  (W.)  — A PRACTICAL  VIEW  OF  THE  PREVAILING 

RELIGIOUS  SYSTEMS  OF  PROFESSED  CHRISTIANS,  in  the  Higher  and  Middle 
Classes  in  this  Country,  contrasted  with  Real  Christianity.  By  William  Wilherforce,  Esq. 
M.P.  for  the  County  of  York.  New  Editions.  8vo.  8s.  boards.  12mo.  4s.  Cd.  cloth. 

WILSON.— THE  LANDS  OF  THE  BIBLE  VISITED  AND  DESCRIBED, 

In  an  Extensive  Journey  undertaken  with  special  reference  to  the  Promotion  of  Biblical 
Research  and  the  Advancement  of  the  Cause  of  Philanthropy.  By  John  Wilson,  D.D.  F.R.S. 
Honorary  President  of  the  Bombay  Branch  of  ihe  Royal  Asiatic  Society,  etc.  2vo1s.8yo. 
with  Maps  and  numerous  Illustrations,  11.  16*. cloth. 

WILLOUGHBY  (LADY)— SO  MUCH  OF  THE  DIARY  OF  LADY  WIL- 

LOUGHBY  as  relates  to  her  Domestic  History,  and  to  the  Eventful  Period  of  the 
reign  of  King  Charles  the  First  (1035  to  1648).  Produced  in  the  style  of  the  period  to  which 
“The  Diary ’^refers.  New  Edition.  Square  foolscap  8vo.  8*.  boards;  or  18*.  bound 
in  morocco  ( by  Hayday ). 

WILLOUGHBY  (LADY).— SOME  FURTHER  PORTIONS  OF  THE  DIARY 

OF  LADY  WILLOUGHBY,  which  do  relate  to  her  Domestic  History,  and  to  the  Stirring 
Events  of  the  latter  years  of  the  reign  of  King  Charles  the  First,  the  Protectorate,  nnd  the 
Restoration  (1648  to  1663).  New  Edition.  Square  foolscap  8vo.  8*.  boards , morocco,  18*. 

( bound  by  Hayday ). 

WINTER  (J.  W.)— THE  HORSE  IN  HEALTH  AND  DISEASE: 

Or,  Suggestions  on  his  Natural  nnd  General  History,  Varieties,  Conformation,  Paces,  Age, 
Soundness,  Stabling,  Condition,  Training,  and  Shoeing.  With  a Digest  of  Veterinary 
Practice.  By  James  VV.  Winter,  M.ll.C.V.S.L.  8vo.  10*.  6<f.  cloth. 

WOOD  —A  PRACTICAL  TREATISE  ON  RAILROADS, 

And  Interior  Communication  in  General;  containing  numerous  Experiments  on  the  Powers 
of  the  Improved  Locomotive  Engines,  and  Tables  of  the  comparative  Cost  of  Conveyance 
on  Canals,  Railways,  and  Turnpike  Roads.  By  Nicholas  Wood,  Memb.  Inst.  Civ.  Eng.  etc. 
3d  Edition.  8vo.  with  Plates  and  Woodcuts,  31*.  6 d.  cloth. 

WOODWARD.— ESSAYS  AND  SERMONS. 

By  the  Rev.  Henry  Woodward,  M.A.,  formerly  of  Corpus  Christ!  College. Oxford,  Rector  of 
Fethard,  in  the  Diocese  of  Cashel.  New  Edition.  2 vols.  fcap.8vo.  14*.  cloth. 

WOODWARD.— A SEQUEL  TO  THE  SHUNAMMITE  : 

Being  a Series  of  Reflections  on  2 Kings  iv.  17-35.  By  the  Rev.  Henry  Woodward,  M.A., 
Rector  of  Fethard,  in  the  Diocese  of  Cashel,  and  formerly  of  Corpus  Christi  College,  Oxford. 
Fcap.  8vo.  6*.  cloth. 

ZUMPT  (PROF.)— A GRAMMAR  OF  THE  LATIN  LANCUACE. 

By  C.  G.  Zumpt,  Ph.  D.  Professor  in  the  University,  and  Member  of  the  Royal  Academv  of 
Berlin.  Translated  from  the  9th  Edition  of  the  original,  and  adapted  to  the  use  of  English 
Students,  by  Leonhard  Schmitz,  Ph.  1).,  Rector  ot  the  High  School  of  Edinburgh  ; with 
numerous  Additions  and  Corrections  by  the  Author.  New  Edition.  8vo.  14*.  cloth. 
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j ESTABLISHED  WORKS  of  GENERAL  INTEREST. 


WORKS  ON  NATURAL  PHILOSOPHY. 

Sir  John  Herschel  On  the  Study  of  Natural  Philosophy  1 vol.  6s. 

Baden  Powell’s  History  of  Natural  Philosophy  1vol.  6s. 

Sir  John  Herschel’s  Treatise  on  Astronomy  1 vol.  6s. 
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Capt.  Kater  and  Dr.  Lardner’s  Treatise  on  Mechanics  1 vol.  6s. 

Dr.  Lardner’s  Treatise  on  Arithmetic  1vol.  6s. 

Dr.  Lardner’s  Treatise  on  Heat  1 vol.  6s. 

Dr.  Lardner’s  Hydrostatics  and  Pneumatics  1 vol.  6s. 

Dr.  Lardner’s  Treatise  on  Geometry 1 vol.  6s. 
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Prof.  De  Morgan’s  Treatise  on  Probabilities  1 vol.  6s. 
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Porcelain &Glass Manufactures, by G.R.  Porter, F.R.S.  lvol.  6s. 

The  Manufacture  of  Silk,  by  G.  R.  Porter,  F.R.S 1 vol.  6s. 

The  Manufactures  in  Metal,  by  John  Holland 3 vols.  ISs. 
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WORKS  ON  NATURAL  HISTORY. 

Swainson  On  the  Study  of  Natural  History 1 vol. 

The  Habits  and  Instincts  of  Animals,  by  Swainson  . . 1 vol. 

The  Classification  of  Animals,  by  Swainson 1 vol. 

Swainson’s  Natural  History  of  Quadrupeds 1 vol. 

Swainson’s  Natural  History  of  Birds 1 vol. 

Animals  in  Menageries,  by  Swainson 1 vol. 

i Amphibia  and  Reptiles,  by  Swainson 2 vols.  12s. 

The  Natural  History  of  Insects,  bySwainson&Shuckard  1 vol.  6s. 

Shells  and  Shell  Fish,  by  Swainson ! 1 vol.  6s. 

Swainson’s  Treatise  on  Taxidermy 1 vol.  6s. 

' Prof.  Phillips’s  Treatise  on  Geology  2 vols.  12s. 
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